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Progress in medical research and in the applica- 
tion of new knowledge to the prevention, diagno- 
sis. and treatment of diseases has brought about 
many changes in the relative standing and im- 
portance of specific causes of illness and death. 
Improved reporting, lowered infant mortality, 
and changes mn age distribution of the population 
have also influenced these changes. Disease 
which a few decades ago ranked low have now 
moved up high on the list. The places formerly 
held by pneumonia, tuberculosis, and other infee- 
tious diseases have now been taken by the diseases 
of the heart and blood vessels, and cancer. This 
has resulted in a change in the ratio of types of 
service demanded of the medical profession, and 
the tvpe of education needed to prepare the physi- 
cian to meet the problems of his day, as compared 
with that required in past decades. 

It has become increasingly recognized that prac- 
ticing physicians gener: ally are insuffic iently aware 
of the importance of wate hing for and recognizing 
precancerous lesions and early signs and symptoms 
of cancer, and that even in its advanced stages 
cancer may be unsuspected, and consequently the 
patient may not receive adequate treatment. Stud- 
ies of delay in obtaining treatment all too often 
point to the fact that physici ians are as culpable in 
this matter as are the patients. Informed persons, 
wishing to protect themselves against the develop- 
ment of cancer or to take advantage of early rec- 
ognition and treatment, at present the most im- 
portant elements in the control of the disease with 
existing therapeutic methods, may sometimes not 
find their physicians as alert to this fact as they 
are themselves. 

The general practitioner is the person upon 
whom the great mass of people still must rely for 
care in their illnesses and for guidance in preserv- 
ing their health. Asa rule, a patient does not con- 
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sult a specialist until he is referred to one by his 
family physician. It is the family physician, 
usually the general practitioner, who has the op- 
portunity to discover cancer and other diseases in 
their incipiency, if the patient comes to him early 
or comes for periodic physical examinations; and 
it is he who has the first opportunity and the obli- 
gation to render service in the field of cancer pre- 
vention and detection. There is need for impress- 
ing these facts upon medical students. 

In a report on cancer facilities and services 
presented by a committee of the National Advisory 
Cancer Council in 1946, it was recommended that 
a conference of representatives responsible for the 
planning of instruction in schools of medicine be 

called with a view to developing improved methods 
of teaching cancer. Accordingly, such a confer- 
ence was held at the National Cancer Institute in 
Bethesda, Mad., on November 7, 1946. The mem- 
bers of the conference included 22 deans and pro- 
fessors from 14 medical schools, representatives of 
the National Research Council, the American Can- 
cer Society, the National Advisory Cancer Coun- 
cil, and others from the Public Health Service. It 
included men with long experience and familiarity 
with problems of medical education. 

The Committee on Cancer in the Medical School 
Curriculum consisted of the following. Asterisks 
dlenote members not present at the conference. 

Dr. Frank E. Adair, Chairman 
Associate Professor of Surgery 

Cornell University Medical College 

Dr. H. Glenn Bell 

Associate Professor of Surgery 
University of California Medical School 
Dr. Warren H. Cole 

Professor of Surgery 

University of Ilinois C ollege of Medicine 
Dr. Harold S. Diehl 

Dean, Medical School 

University of Minnesota 

Dr. Daniel C. Elkin* 

Professor of Surgery 

Emory University 








Dr. Roland W. Harrison 

Dean, Division of Biological Sciences 

University of Chicago 

Dr. Joseph C. Hinsey 

Dean, Cornell University School of Medicine 

Dr. Emile Holman 

Professor of Surgery 

Stanford University School of Medicine 

Dr. George H. Humphries I1* 

Professor of Surgery 

College of Physicians and Surgeons 

Columbia University 

Dr. A. C. Ivy 

Vice-President, University of Il inois 

Dr. Maxwell E. Lapham 

Dean. Tulane University School of Medicine 

Dr. Currier McEwen 

Dean. New York University College of Medicine 

Dr. J. Roscoe Miller 

Dean. Northwestern University School of Medi- 
cine 

Dr. John H. Mulholland 

Professor of Surgery 

New York University School of Medicine 

Dr. Edward W. A. Ochsner 

Professor of Surgery 

Tulane University School of Medicine 

Dr. Willard C. Rappleye 

Dean, College of Physicians and Surgeons 

Columbia University 

Dr. Erwin R. Schmidt 

Professor of Surgery 

University of Wisconsin School of Medicine 

Dr. George M. Smith 

Executive Director 

National Advisory Cancer Council 

Yale University School of Medicine 

Dr. Francis 8. Smyth 

Dean. University of California Medical School 

Dr. William D. Stovall 

Professor of Hygiene 

University of Wisconsin 

Dr. Grantley W. Taylor 

Professor of Surgery 

Harvard University Medical School 

Dr. Owen H. Wangensteen 

Professor of Surgery 

University of Minnesota Medical School 

Dr. Milton C. Winternitz 

Professor of Pathology 

Yale University School of Medicine 

Dr. Lewis H. Weed 

Chairman, Division of Medical Sciences 

National Research Council 


The conference day was devoted to a free ex- 
change of opinions and ideas. Although many 
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related subjects were touched upon, the main dis- 
cussion revolved around the problems of under- 
graduate medical education in general, the present 
methods and shortcomings in teaching the sub- 
ject of cancer, and suggestions concerning ways of 
effecting improvements. 


PROBLEMS IN MEDICAL EDUCATION 


The practical problems which medical school 
officials and faculties must face in planning the 
curriculum and in administering the school were 
kept well in the foreground in discussing the 
possibilities for improving the curriculum as it 
relates to cancer. Cognizance was taken of the 
already overcrowded medical curriculum and the 
pressure that is constantly exerted to extend the 
time allocated to various subjects or to introduce 
new subjects. It was pointed out that financial 
resources, the available physical facilities, the 
caliber of the men on the faculty, and the caliber of 
the student body must all be taken into considera- 
tion in meeting the requirements of the entire cur- 
riculum, as well as work in special branches of 
medicine. 

Among the suggestions made for meeting some 
of these practical problems was the possibility of 
allocating the student’s time to the various diseases 
somewhat in accordance with their relative im- 
portance as causes of illness and death. Another 
suggestion was that the medical course be length- 
ened to 5 years, and that the student be admitted to 
his professional training after 3 years of college 
and receive his college degree at the end of his 
first year in medical school. Still another sugges- 
tion was that a different type of training is desir- 
able for medical students that expect to have a 
career in research and for those that intend to 
practice medicine. 

The medical school cannot turn out experts in 
cancer or in any single branch of medicine. How- 
ever, it can turn out potential experts as a result of 
giving the student a thorough fundamental train- 
ing and by so stimulating his interest that he will 
wish to continue study in his chosen field during his 
entire career. 

The underlying philosophy of medical education 
was so well expressed by one member of the con- 
ference that it seems worth quoting. This con- 
feree said 

* * * the basic problem of medical teaching is one 
of philosophy. The habit of mind imparted to a student 
is of far greater importance as a means of assuring the 
continuing study of disease than any arbitrary plan of 
curriculum or assignment of any arbitrary number of 
teaching hours to a subject. Within the framework of 4 
years of medical instruction, courses may be shortened or 
lengthened, subjects eliminated or introduced, hours 
shuffled or reassigned ; the result will be largely the same, 
as no medical discipline of any importance can possibly 
be presented in its entirety to the student or assimilated 
to any greater degree by the student. There will always 
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be a competition of major disciplines, but that is in itself 
a healthy phenomenon. The student under these condi- 
tions does not suffer; rather he is stimulated to new 
efforts in the intellectual environment in which he learns 
by self-education to analyze, evaluate, and digest scientific 
evidence. We teach a few techniques of clinical study 
and examination, emphasizing that these techniques are 
merely today’s tools which are useful in arriving at 
diagnoses, methods of therapy, and prognoses. As medi- 
cal teachers we are providing in the 4 years only a spring- 
board from which the student may take off in his life’s 
career. 


PRESENT TEACHING OF CANCER 


With but few exceptions, the members of the 
conference expressed the opinion that the instruc- 
tion given students in medical schools at present 
does not adequately train them to recognize cancer 
or precancerous signs and symptoms in their 
patients. In the words of one member of the 
conference : 

The glaring mistakes in the diagnosis of cancer and 
the amount of valuable time lost before the thought of 
cancer enters the mind of the average man making the 
diagnosis are evidence that the subject as now taught fails 
to impress the student sufficiently. 

Medical schools may be grouped roughly into 
three categories, with respect to their courses in 
cancer : 

(1) Schools in which but little attention is given 
to cancer in any of the preclinical subjects other 
than pathology. In the clinical courses, the stu- 
dent sees such cases of cancer as come to the dis- 
pensary and the various clinics during the period 
of his assignment. No special effort is made to 
co-ordinate the teaching of cancer. 

(2) Schools having approved tumor clinics 
available to students for special training in the 
disease, in addition to the instruction which they 
receive in cancer as it occurs in the preclinical 
courses and the various clinical departments. 

(3) Schools where one or more faculty members 
are especially concerned with the subject of cancer 
and where there is affiliation with an active tumor 
clinic in a general hospital or with a cancer hospi- 
tal. In such schools, there is apt to be more em- 
phasis upon cancer in the various departments, and 
further training may be elected by the student or 
even be required. Some schools now have cancer- 
detection clinics, which are also utilized for teach- 
ing purposes. 

Many conferees felt that the medical student 
does not receive sufficient training in the biology 
of cancer. Much that is known about the disease 
through fundamental research in nonclinical fields 
has not been incorporated in the teaching during 
preclinical and clinical years. 

Another shortcoming stressed is that insufficient 
effort is made to correlate the scattered instruc- 
tion that the student receives in cancer in various 
undergraduate medical coursés. Such integration. 
it was felt, is essential. 


Students may not be required to attend the tumor 
clinics, even in schools where they are available. 
However, a large percentage of the students may 
voluntarily take ; advantage of the opportunity to 
attend the tumor clinic if it is well-operated. One 
member of the conference expressed the opinion 
that the student may get little from the tumor 
clinic: whereas, if cancer is to be controlled, the 
student must be taught to recognize precancerous 
lesions and early cancer. Several conferees stated 
that the departments of internal medicine and pre- 
ventive medicine should train students to do this. 
Some schools have found that a cancer-detection 
center affords opportunity not only to teach the 
student to recognize early cancer or precancerous 
lesions but also to teach him the importance of 
cancer prevention. In one school using such a 
dial as a teaching facility, it was found that 114 
percent of the persons examined had malignant 
lesions. 


WAYS IN WHICH THE TEACHING OF CANCER MAY 
BE MADE MORE EFFECTIVE 


The conference recognized that the medical 
school curriculum and the method of teaching 
vary from school to school. No single method of 
teaching cancer or any other subject can be evolved 
that would be uniformly acceptable. It was not 
pn purpose of the conference on the teaching of 

‘ancer to do this, but rather to pool ideas which, 
if summarized and made available to all medical 
schools, would be a source of suggestions applica- 
ble to their own institutions and obligations. The 
main suggestions about ways of improving the 
te: aching | of cancer are summarized herein under 
pertinent headings. 

Inherent in practically all the suggestions made 
was the recognition that the development of wetter 
eaching of cancer by any method requires inspirs 
tional leadership on the part of an individual or a 
committee, who will integrate the approaches and 
activities in cancer in various departments, stimu- 
late the student’s interest in cancer, and see that 
somewhere in his course cancer is presented to him 
in a comprehensive way through contact with pa- 

tients in a cancer clinic or hospital. 


VERTICAL SCHEME OF TEACHING 


There was considerable discussion of the merits 
of a vertical plan of teaching cancer. It was said 
that this disease complex has risen to such im- 
portance as a cause of illness and death that it not 
only should have special attention in many of the 
preclinical approaches (for they have a ‘bearing 
on cancer) and in the various clinics, but also spe- 
cial opportunities should be provided. At present, 
the horizontal plan of teaching cancer is followed ; 
the subject is presented in many departments of the 
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medical school and in the clinies specializing in 
diseases of some particular part of the body, as 
skin, stomach, reproductive organs, ete. There are 
few schools in which in addition to this divided 
instruction a vertical scheme of teaching is fol- 
lowed and the student has the subject of cancer 
presented to him as a unit. 

The vertical scheme of teaching cancer would 
provide a comprehensive, integrated approach to 
the disease itself in addition to the so-called hori- 
zontal instruction scattered through the various 
departments and courses of the school. Such in- 
tegrated teaching might well be done by a small 
staff of experts in a small hospital specializing in 
the part icular disease, affiliated with the medical 
school in places where such a facility exists, or in 
a section of a general hospital where patients with 
cancer are or can be concentrated for diagnosis or 
for treatment. A student spending a month in 
such a ward or clinic could acquire much more use- 
ful information about cancer than he obtains from 
the «dissociated and sometimes fragmentary 
glimpses of the disease that he now gets in his ex- 
perience in the different sections of the school and 
hospital. This system not only should produce 
physicians more alert to the cancer problem but 
should also make them better equipped to diagnose 
and treat cancer. More exposure to the fundamen- 
tal and clinical cancer-research activities of the 
medical school should stimulate and promote inter- 
est of the students in research. 


PLAceE OF DEPARTMENT OF INTERNAL MEDICINE IN CANCER 
TEACHING 


A number of the conferees emphasized the fact 
that at present the surgeon and the radiologist are 
the chief members of the faculty concerned with 
the treatment of cancer: the internist takes but 
little interest in the disease, with the possible ex- 
ception of the blood dyserasias. In the medical 
school, however, the surgeon is not responsible for 
the basic instruction of the medical student in 
physical examination or in the basic biology of 
cancer, although he and the radiologist may pre- 
sent some aspects of the subject. The internist is 
the member of the teaching faculty who has the 
grasp of the total medical problem and is the key 
figure in introducing the student to the proper 
methods of clinical study. This should make him 
one of the most important teachers in the medical 
school, and the problem of interesting the internist 
in cancer would seem to be desirable, if not essen- 
tial, for the improvement of teaching in this very 
important cause of sickness and death. Some of 
the conferees were of the opinion that until this is 
done, there will not be very much improvement in 
the teaching of cancer. 


A CHAIR OF CLINICAL CANCER 


Attention was called to the need for medical 
schools to have a member of the teaching faculty 
whose primary interest is cancer and who has the 
same rank and security in his position that other 
professors have. One reason why internists on the 
faculty have not taken an interest in cancer is that 
in the present set-up cancer does not offer them 
either opportunity for advancement or security. 
A teacher in any of the regular departments of 
the medical school can look forward to advance- 
ment in his profession. A member of the fa- 
culty specializing in cancer usually lacks this 
opportunity. 

The suggestion of a chair of clinical cancer was 
not predicated on the idea that all cancer work in 
the medical schcol would be segregated in one 
department, but rather that there should be a 
leader in the field of cancer who would be funda- 
mentally a clinician interested in the detection, 
prevention, and therapy of cancer and who would 
also be a scientific investigator and a teacher. He 
should be able to interpret to clinical groups the 
results of studies made in departments of funda- 
mental science, which suggest possible approaches 
to clinical-cancer problems and likewise to formu- 
late, for the departments of fundamental science. 
clinical problems for their investigation. This 
plan would not require segregation of all cancer 
patients in the institution but only of a small group 
ata time for the study of a particular problem. 


AN INTERDEPARTMENTAL CANCER COMMITTEE OR A CHAIRMAN 
OF CANCER 


It was suggested that the subject of cancer 
should continue to infiltrate all departments of the 
medical school. It should be emphasized in bio- 
chemistry, physiology, immunology, and path- 
ology; and perhaps in the earlier as well as the 
later years of medical school, the clinical phases 
of the disease should be presented in the living 
human being with more integration than is now 
the case. An advantage of this method of teaching 
the subject is that it would require little rearrange- 
ment of the present curriculum other than reallo- 
cation of a small amount of teaching time. To 
bring about such improved teaching of the subject 
of cancer, a special correlating force in the person 
of a single leader or an interdepartmental com- 
mittee would be needed. 

Another suggestion somewhat along this line 
was that the total professional personnel of the 
medical school that are working on cancer should 
be brought together for conference once a month. 
such conferences to be directed by a faculty com- 
mittee. Other interested persons could attend. 
In this way, the various techniques and the fund of 
information from all concerned could be made 
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available to others, and greater interest in cancer 
would be stimulated. 

Another related suggestion was that there should 
be a cancer clinic or institute in the medical school 
which would cut across departmental lines. The 
leader of such a center would be a faculty member 
from one department of the medical school, whose 
task it would be to co-ordinate the interest in can- 
cer rather than the work in cancer and try to use 
the interest of each department where it could best 
be brought to bear on the subject in order to im- 
prove teaching, diagnosis, and treatment. 


INCREASED USE OF CANCER-DETECTION CENTERS 


A great deal is known about cancer, but full ad- 

Vantage is not taken of this knowledge. Cancer is 
a relatively silent disease, often becoming manifest 
only in very late stages. This fact should be im- 
pressed upon the medical student. Cancer-detec- 
tion centers, organized according to the standards 
recommended by the American College of Sur- 
geons, may aid in this objective, for they offer an 
excellent facility for teaching the importance not 
only of early detection of cancer but also of the 
careful physical examination of apparently well 
people. The value of such examinations in dis- 
closing numerous other diseases in addition to 
cancer must not be overlooked. 


GREATER EMPHASIS ON CANCER BIOLOGY 


The conferees likewise stressed the need for giv- 
ing the medical student better training in the 
biology of cancer. There was general agreement 
that the medical student should receive more in- 
struction than is now given in most schools in the 
fundamental aspects of the cancer problem and 
present research approaches to the problems of 
growth. A small amount of such training would 
give the students better appreciation of research 
and might stimulate a few to embark on research 
careers, or at least to do some research in addi- 
tion to routine clinical practice of medicine. 


ADAPTATION OF PLANS TO INDIVIDUAL SCHOOLS 


The practical aspects of developing good courses 
in cancer in individual schools were suggested. 
Such courses could best be achieved by bringing 
together those members of the faculty who have di- 
rect interest in one or another phase of the cancer 
problem and asking them to study the existing 
teaching program and to outline a plan adapted 
to the curriculum. The plan no doubt would call 
for additional personnel, and every effort would 
have to be made to have the necessary funds avail- 
able for such requirements. Co-ordination of in- 
terest and activities would be achieved through 
seminars, committees, institutes, clinics, or cancer 


departments, whichever is best suited for the 
staff in the particular school. 


SUMMARY AND RECOMMENDATIONS 


The diverse suggestions concerning improve- 
ment of undergraduate medical education in can- 
cer have one common denominator: They call for 
the co-ordination of cancer teaching and other 
cancer activities in the medical school ‘through one 
individual, preferably of professorial rank. Im- 
plied or stated in these suggestions is the thought 
that this person should take an active part in the 
tumor clinics at various levels and also in activi- 
ties concerned with the scientific investigation of 
malignant disease, whether they are conducted in 
a depar tment of fundamental science, in a separate 
clinic, or in a specialized section of a general hos- 
pital. He should be a person with a broad knowl- 
edge of both the fundamental and clinical aspects 
of cancer: = should be fully informed concerning 
the personnel and facilities of his own institution 
and others in the community so that they can be 
properly organized both for education and the 
furtherance of knowledge in the diagnosis and 
treatment of cancer; and he should be interested in 
stimulating the development of activities in both 
of these fields along the lines most likely to achieve 
the desired objectives. 

It is obvious that such a faculty member must 
have adequate assistance, although the organiza- 
tion required would depend upon “local conditions. 

Undoubtedly the success of this plan in a medi- 
cal school will depend largely upon the coopera- 
tion given by the medical school organization, its 
officials, and the staffs of the various departments. 

The commitment on the part of a medical school 
to develop research and education in the field of 
cancer is a major undertaking. In some schools 
such a commitment may necessitate additional 
personnel, and this in turn would require a larger 
financial outlay. 

In order to encourage plans for improving the 
teaching of cancer in medical schools and thereby 
improving the medical service to cancer patients, 
the National Advisory Cancer Council recom- 
mends : 

(1) That the dean and faculty of each medical 
— be asked to review the present method of 

saching cancer in their school. 

(2) That if an integrated course in cancer is 
not already given, the school consider introducing 
a program of instruction, preferably in the senior 
year, in which the pathology, physiology, and bio- 
chemistry of cancer are correlated with a weekly 
clinic devoted to the presentation of cancer of 
various sites. 

(3) That they undertake to stimulate cancer 
research in their school, since it is recognized that 
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research improves teaching and stimulates stu- 
dent interest. 

(4) That the United States Public Health Serv- 
ice consider ways and means of providing neces- 
sary financial assistance to interested medical 
schools prepared to undertake an integrated pro- 
gram of teaching cancer; that the Public Health 
Service also try to interest other agencies in giv- 
ing financial support to such a program. A sub- 
sidy of approximately $10,000 to $25,000 annually 
for a period of years is suggested. The amount to 
be granted to an individual school would depend 
upon the demonstrated need. This subsidy may 
not be adequate to cover the entire cost of the pro- 


gram in many institutions. However, it is be- 
lieved that in such event the school should be 
sufficiently interested to secure additional funds 
from other sources. 

(5) That copies of this report be made avail- 
able to all medical schools and others interested in 
medical education in cancer. 

The National Advisory Cancer Council will ap- 
point a committee to advise, co-ordinate, and re- 
port to the Council on the progress of the work, 
to survey the accomplishments at intervals, and 
to make recommendations as to ways for further 
implementing the program of medical education 
in cancer. 


~~ 


NEOPLASTIC TRANSFORMATION OF GRANULOSA CELLS IN GRAFTS OF NORMAL 
OVARIES INTO SPLEENS OF GONADECTOMIZED MICE ** 


By J. Furtu, professor of pathology, and H. SoBe, research fellow, the David, Josephine, and Winfield Baird Founda- 
tion, Department of Pathology, Cornell University Medical College * 


INTRODUCTION 


The production of growths of granulosa cells 
by implantation of ovarian fragments into spleens 
of gonadectomized mice was reported by Biskind 
and Biskind (1). This discovery logically fol- 
lowed the observation of Zondek (2) that the liver 
inactivates estrogenic hormones. If the hormonal 
secretions of the ovarian grafts are inactivated, 
the estrogen level in the blood drops. The pitui- 
tary gland is thereby stimulated to discharge an 
excessive quantity of gonadotropic hormones, 
which in turn stimulates the growth of the granu- 
losa cells. These findings have been confirmed 
by Li and Gardner (3) and by ourselves (4). The 
ovarian growths induced by this procedure re- 
semble those produced with X-rays (§), and Li 
and Gardner suggested that the latter are also due 
to excessive pituitary stimulation. However, no 
evidence has been presented thus far that the 
growths induced by the procedure of Biskind and 
Biskind are neoplasms. They are not known to 
metastasize or to be transplantable in the sub- 
cutaneous tissue. The ovarian tumors induced 
with X-rays, on the contrary, are readily trans- 
plantable in normal mice and metastasize to dis- 
tant organs * (6,7). 

The present study was undertaken to compare 
the character of the hyperplastic granulosa-cell 
masses induced by the procedure of Biskind and 
Biskind with the ovarian tumors produced with 
X-rays and to find out whether the former can 
give rise to true neoplasms. 


MATERIALS AND METHODS 
TRANSPLANTATION 


The ovaries of young adult mice were cut up 
in the presence of Tyrode’s solution and were 
injected into the spleens of young adult mice of 
the same stock (F, hybrids of the Rf and Ak 
strains) gonadectomized shortly before or after 
the procedure. Subcutaneous and intrasplenic pas- 
sages of the splenic growths detected by palpation 
or laparotomy were made in the usual manner. In 
addition, methylcholanthrene crystals were im- 
planted in some of the splenic growths or sprinkled 
on their fragments before implantation in the 
subcutaneous tissue. 


1 Received for publication March 17, 1947. 

2 These investigations have been supported by the National Ad- 
visory Cancer Council, The Donner Foundation, and The Anna 
Fuller Fund. 

3 Misses Katie Cobbs, Lucille Wolf, and Thelma Weaver ren- 
dered skillful assistance, and Julius Mesiar took the photomicro- 
graphs. 

* Furth, J., and Sobel, H.: Unpublished data. 


IRRADIATION 


In order to find out whether X-rays would en- 
hance the susceptibility to granulosa-cell growths, 
nice were subjected to total-body irradiation be- 
fore grafting, under the following conditions: 
140 kv., 25 em. T. S. D.. 5 ma.; no filter, 120 
r/minute. Mice receiving grafts of strain B2 were 
similarly irradiated but with rays filtered through 
3 mm. aluminum, the quantity of X-rays being 
thereby reduced to 53 r/minute. 

All sections were fixed in Zenker-formol solu- 
tion and stained with hematoxylin-and-eosin 
solutions. Acid fast, sudan, and other special 
stains were made on numerous sections, but the 
photographs were all taken from hematoxylin- 
eosin-stained sections. The magnifications given 
in the legends of figures are approximate. 


RESULTS 


Of a total of 48 gonadectomized mice (32 fe- 
males and 11 males) that received intrasplenic 
implants of fragments of ovaries, 29 (21 females 
and 8 males) developed in the spleens solid or 
cystic nodules composed of granulosa cells with 
few luteinized granulosa cells and some tubular 
structures. These nodules measured about 3 to 10 
mm. in greatest diameter approximately 6 months 
after grafting, many growing slowly thereafter 
and others remaining stationary in size. 

Insertion of crystals of methylcholanthrene in- 
to these splenic nodules did not significantly hasten 
their growth rate. The following are examples: 

The nodule in the spleen of mouse 659 measured 
3x3mm. at 5 months after implantation of ovarian 
fragments, 9 x 9 mm. at 814 months, and 20 x 10 
mm. at 14months. Mouse 684 had a nodule in the 
spleen measuring 6 x 8 mm. 9 months after im- 
plantation of ovarian fragments when methylchol- 
anthrene was inserted in the implant. At 15 
months the nodule measured 18 x 18 mm., and at 
18 months after implantation (at 20 months of 
age) 22x 20x 15mm. 


UNSUCCESSFUL GRAFTS 


The 14 gonadectomized mice (10 females and 4 
males) that were injected intrasplenically with 
ovarian-cell suspensions at 56 to 79 days of age and 
failed to develop nodular masses in the spleens 
died or were killed at 193 to 495 days after this 
treatment. At autopsy, the uteri of all but 1 of the 
5 females that were examined were thick, partly 
cystic, indicative of female sex hormonal stimula- 
tion. As to the uteri of the remaining mice, no 
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Ficure 1.—A, Cystic areas in the splenic growth of mouse 686, shown in figure 2, B. xX 50. 
areas in the splenic growth of ovariectomized mouse Te 
type. x 300. 
splenic ovarian graft was unsuccessful. X 0. D, Higher magnification of a simil 
mouse 680, in which the intrasplenic graft measured 8 mm. at 7 months after the grafting. 180. 
cal adenoma in mouse 732 (that had the splenic gr 
formed adrenal cells. X 180. 


B, Tubular adenomatous 
elsewhere this growth was also of the granulosa-cell 
C, Nodular hyperplasia of the adrenal in ovariectomized mouse 681, 19 months of age, in which the intra- 
ar adrenal nodule in ovariectomized 
E, Adrenal corti- 
aft illustrated in figure 1, B), showing epicapsular extension of newly 
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dependable records are available. The adrenals of 
all mice of this series that were carefully examined 
contained minute gray-white nodules composed 
of cells as shown in figure 1,C, D, and E. These 
adrenal nodules were fully described by Fekete, 
Woolley, and Little (8—/.2), whose studies indicate 
that they secrete sex hormones compensating for 
their loss following castration. 


MoRPHOLOGIC FEATURES OF THE OVARIAN GROWTHS 


The growths arising in intrasplenic grafts of 
ovarian. particles in gonadectomized mice were 
described by Biskind and Biskind (/) and by Li 
and Gardner (3), and our observations are in es- 
sential agreement with theirs. The growths were 
composed predominantly of gan cells as 
shown in figures 2, 4 and C;3,C;and4,B. Tubu- 
lar structures pol as occur in X-ray-induced 
tumors (5, 7/4) were few (fig. 1,4 and B). They 
never grew in tumorlike masses, and they disap- 
peared in the course of transplantations. Most 
luteinlike cells present resembled luteinized or fat- 
laden granulosa cells (fig. 2, B) and only rarely 
were similar to those of a recent corpus luteum or 
of the transplantable luteomas described elsewhere 
(14). These luteinlike cells also disappear in the 
course of subpassages. In the experiments of Li 
and Gardner (2), the splenic growths in castrate 
females were either luteomas or mixed luteoma 
and granulosa-cell tumors, while in castrate males 
they were, with one exception, pure granulosa-cell 
growths. 

Another cell predominant in the original splenic 
grafts was a large mononuclear cell with abundant 
yellow-brown cytoplasm that contained a = 
philic and acid-fast lipoids (figs. 2, C and );3.C). 
This pigment was first described by Li llie pele 
associates (75) under the name “ceroid.” Pappen- 
heimer and Victor (J¢) extended their observa- 
tions and defined “ceroids” as sudanophilic, acid- 
fast lipoids not readily soluble in alcohol and ether, 
and thus not dissolved in tissue blocks embedded 
in paraffin in the usual manner. Ceroid-laden cells 
are frequently encountered in the ovaries of 
X-rayed and of old normal mice and at the juxta- 
medullary region of the adrenal. In the adrenals, 
the ceroid-laden cells correspond to the cells that 
characterize the so-called “brown degeneration” 
of the adrenal cortex. 

Retrogressive changes such as fibrosis (fig. 2. ))). 
and calcification and ossification (fig. 3, 4) were 
observed in older tumors. 


SUBCUTANEOUS GRAFTS 


Sixteen mice bearing such splenic growths were 
biopsied at 414 to 9 months after implantation of 
ovarian fragments. Most of the growths were re- 
moved and their fragments reimplanted into the 


733300—47—....2 


subcutaneous tissue of the same or other normal 
and gonadectomized mice. The subcutaneous au- 
tologous implants of these granulosa-cell masses 
failed to grow, and the small fragments left behind 
in the spleen apparently regressed. The mice were 
observed from 214 to 14144 months (average, 81. 
months) following the autologous grafts. 

Table 1 summarizes the results of the attempted 
first subpassages of. splenic nodules derived from 
ovarian grafts made from 12 female and 6 male 
nice into related gonadectomized and normal mice. 





TaBLeE 1.—Results of primary subpassages of splenic 
nodules derived from ovarian grafts 
Numerator= Number of successful grafts ] 
Denominator= Number of mice grafted J 
Recipient mice 
Grafts - a _ 
Females Males Total 
Intrasplenic grafts in castrates 3/24 4/20 744 
Intrasplenic grafts in pre-irradiated normal mice 0/3 03 
Subcutaneous grafts 

In castrates 0/15 0/20 0/35 
In normal mice 0/8 0/26 0/34 
In pre-irradiated noncastrates ? 0/9 oY 
Intraperitoneal grafts in related castrates 0/3 |-- 03 





| These mice received 350 r over the entire body 7 days before the grafts 
were made. 

2 These mice received 350 r over the entire body 54 days before the grafts 
were made. 


These intrasplenic subpassages succeeded in 7 of 
44 gonadectomized mice. Subcutaneous and intra- 
peritoneal implants failed to grow in 81 mice. 35 
of which were gonadec tomized (table 1). 


ORIGIN AND PASSAGES OF TWo TRANSPLANTABLE GRANULOSA- 
CreLL Tumors (B1 anp B2) 


Serial subpassages succeeded from two gonadee- 
tomized mice bearing grafts of ovaries in their 
spleens. 

STRAIN B1 


Mouse 575 was biopsied 256 days after intra- 
splenic implantation of ovarian particles, made 
at the age of 45 days on the day of ovariectomy. 
Most of the growth, measuring approximately 9 
mm. across, was removed and reimplanted in the 
spleens of other mice, as indicated in table 2 and 
chart 1, and in the subcutaneous tissue of the same 
mouse (No. 575). The mic roscopic appearance of 
this growth is shown in figure 3, C. When the 
mouse was killed 253 days “after the biopsy (509 
days after implantation), the small fragments left 
in the spleen at biopsy had regressed, and no 
growth was found in the subcutaneous tissue. The 
uterine horns appeared hyperplastic; the adrenals 
were slightly enlarged-and contained minute grav- 
white nodules. 

Nodules of granulosa cells appeared in the 
spleens of 3 of 8 mice injected with frag- 
ments of the splenic nodule of mouse 575. The 
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Let = Py . ' 
i, Typical granulosa-cell growth in spleen of castrate male mouse 699, measuring about 2 cm 
months after intrasplenic injection of ovarian fragments. X 300. B, Similar growths in castrate male 
showing luteinization of the granulosa cells. 
surrounded by masses of “ceroid” cells. X 180. D, Retrogressive changes with masses of “ceroid” cells in 
granulosa-cell growth of castrate male mouse 663.  X 150. 


FIGURE 2 


x 300. C, Granulosa-cell growth in spleen of castrate female 


. across, 11 
mouse GS6 
mouse 692 
the splenic 





x ). B, Cavernous congestion of liver 
x 90. 


Ficure 3.—A, Bone formation in the tumor of mouse 663, (See also figure 2, D.) 
sinusoids in mouse 1770 bearing subcutaneous granulosa-cell growth of strain B1, 40 days after implantation. 
C, Splenic growth of female mouse 575 from which strain B1 originated. There are numerous “ceroid” cells at the 

ssage of the foregoing tumor in mouse 1160, 446 months after 


300. D, First intrasplenice pa 
x 300. 


margin of the growth. 
the graft, when it measured 14 mm. in greatest diameter. 
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Figure 4.— 4, Intrasplenie graft of strain B2 with extensive 





metastases in the liver, in castrate male mouse 2236, 6 


weeks after implantation. X 2. B, Intrasplenic growth of mouse 659 from which strain B2 originated. Note the two 
types of granulosa cells, superficially resembling large and small lymphoid cells. XX 180. C, Metastatic tumor nodule 
in the liver of castrate male mouse 2239, bearing intrasplenic graft of strain B2, 25 days after transplantation. 


Note cavernous dilatation of several liver sinusoids. « 90. 


microscopic appearance of one of these is shown 
in figure 3, 7. In the successive passages, tumors 
developed in the subcutaneous tissue of about 44 
percent of the normal male and female mice that 
had been injected. For reasons unknown, similar 
grafts succeeded in only 1 of 21 ovariectomized 
mice, 


The histologic appearance of the tumor re- 
mained unaltered throughout the course of these 
experiments. The cells gained in growth vigor, 
producing large subcutaneous masses within 3 to 6 
weeks in one-third of the mice injected, but failed 
to take in about two-thirds of the mice. In a few 
mice there were pulmonary metastases. 


cl 
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TABLE 2.—Results of passages of strain B1 





Numerator= Number of successful grafts ] 
L Denominator =Total number of mice grafted 
Ovari- Normal mice 
Necaeieninaes . ecto- 
Passage Route mized 
mice Females | Males 
l Intrasplenic 3/8 0/3 
. f do 0/8 
~ (Subcutaneous 8/13 4/8 
$a do 1/7 
3b do 8/13 
3e do o/11 
id do 0/4 3/11 
4a do 1/6 2/5 
4b do _. 4/11 
Total Subcutaneous 1/21 13/29 17/39 





These mice received 350 r over the entire body 7 days before the grafts 
were made. 


Cuart 1.—Scheme of passages of strain R1 


Subpassage 
575 ! 
2 Feb. 15 
1160 
2 July 3 
(a) (b) (c) (d) 
1689 1711 1714 1705 
3 Aug. 9 Sept. 7 Sept. 26 Nov. 11 
1702 1762 
4 Sept. 26 Nov. 11 


1 This and other figures indicate the number of the mouse. 
STRAIN B2 


Following isolation of strain B1, the remaining 
mice with primary ovarian grafts were observed 
to study the neoplastic transformation of the 
splenic nodules. 

Strain B2 is derived from ovariectomized mouse 
659. Ovarian fragments from a normal mouse 
were implanted in the spleen of this mouse at the 
age of 74 days, on the day of ovariectomy. At 
biopsy, 64 days later, the splenic growth measured 
3x 3mm.; and 272 days after implantation, 9 x 9 
mm. Ata third biopsy 428 days after the grafting, 
the splenic growth measured 2 x 1 cm., and there 
were small secondary nodules in the liver. The 
mouse died the day following removal of the 
splenic tumor. It was obese, and the thymus ap- 
peared normal in size. The uterine horns were 
moderately thickened, and sections of the vaginal 
epithelium indicated partial estrus. 

The splenic growth of mouse 659 was grafted 
successfully on 3 mice, from which subpassages 
were made, as indicated in table 3 and chart 2. 
Thus, a second transplantable ovarian neoplasm 
(strain B2) was isolated. It is composed of solid 
masses of granulosa cells that grow rapidly and 
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are fatal to mice when implanted in the spleens. In 
spite of the presence of hepatic metastases in mouse 
659, subcutaneous grafts failed in 18 gonadec- 
tomized mice, and even intrasplenic grafts were 
successful in only 3 of 7 gonadectomized mice. 
Further subpassages succeeded in one-half of the 
52 mice grafted in the spleen but in only 10 of 93 
(11 percent) of the mice grafted in the subcutane- 
ous tissue. The splenic tumors frequently metas- 
tasized to the liver (fig. 4, A and @). 


TABLE 3.—Results of passages of strain B2 


Numerator= Number of successful grafts 
Denominator =Total number of mice grafted 





Intrasplenic Subcntaneous 


Gonadecto- Nor- Gonadecto- : ' 
Passage mized mal mized Normal 
Fe- ales ~ Fe- a Fe bili 
males Males Males males Males mates Males 
1 3/7 O/7 O/11 
2a 3/4 i/3 0/5 0/2 
2b 5/5 2/10 
2c 1/3 
3a 3/3 3/7 
34 le 1/6 4 
as ii 0/7 |) 
3a 3/5 3/4 1/1 1 10/8 if 
3a 2/3 1/7 
3b 3/4 2/2 1/10 
3b 2/9 | 
4a 0/8 | 
4a 1/5 
4b 1/5 
Total 11/12 16/40 9/13 2/18 0/13 4/40 4/22 





1 These mice received 350 r over the entire body 1 day before the grafts 
were made. 


The microscopic examination of both splenic 
and liver nodules of mouse 659 showed an undif- 
ferentiated granulosa-cell growth (fig. 4,B). The 
appearance of these cells did not change in the 
course of successive passages. These neoplastic 
cells resembled primitive hemopoietic cells, and 
the tumors could be erroneously labeled round-cell 
sarcomas. However, their epithelial character 
was indicated in a few parts of the tumor where 
the cells formed small glandlike structures or in 
other parts where they were elongated and formed 
a reticular network with resemblance to primitive 
loose mesenchymal cells. The character of these 
cells was further identified by associated secondary 
hormonal changes and by cavernous congestion of 
the sinusoids of the liver, indicative of hypervo- 
lemia (17, 78). Such changes have been encoun- 
tered thus far only with estrogen-producing trans- 
plantable tumors. Cavernous spaces filled with 
unclotted blood and lined with a single layer of 
endothelial cells were common in the tumor. 
There were also cavernous spaces lined with tumor 
cells, filled with a pink-staining precipitate with 
the staining properties of serum and giving a pic- 
ture reminiscent of follicular cavities (fig. 2, 4). 
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Cuart 2.—Scheme 


of passages of strain B2 


Passage 
659 ! 
l Sept. 11 
__(a) ; = — (b) ; (c) 
1776 1779 kiee 
2 Oct. 8 |Nov. 12 Dec. 7 
1 —— 
2125 2131 2178 #2179 2181 2182 
3 No. 21 Dec. 2 Dec. 12 Dec. 26 Dec. 13 Dec. 20 
' ss oe i 
2210 2209 2236 
4 Jan. 2 Jan. 30 Jan. 21 


! This and other figures indicate the number of the mouse. 


SECONDARY CHANGES 


The secondary changes in mice bearing tumors 
of strains B1 and B2 are indicative of the produc- 
tion of estrogenic hormones. In female mice (both 
normal and ovariectomized), there was continued 
estrus and hyperplasia of the uterine mucosa, and 
in normal male mice there was advanced atrophy 
of the seminal vesicles and a slight or moderate 
atrophy of the testes. 

Both strains produced a slight or moderate cav- 
ernous congestion in the liver (fig. 3, 8), and in the 
adrenal and sometimes in a few other organs. 
These changes are similar to those in mice bearing 
transplantable granulosa-cell tumors induced with 
X-rays (17, 18). 

The blood volumes of six mice (determined by 
the Evans blue technique) bearing subcutaneous 
granulosa tumors of strain BL rose from a normal 
of approximately 9 to 12.7 percent of body weight 
to 11.8 to 23.0 percent. The blood volumes of three 
mice bearing intrasplenic tumors of strain B2 were 
14.2 to 16.3 percent of body weight (table 4). 

In mice with large intrasplenic tumors of strain 
B2, the congestive changes were usually localized 
to the liver and were only moderate in degree. A 
marked leukemoid infiltration with lymphoid and 
myeloid cells and occasional megakaryocytes was 
present in the livers of most of these mice. Ery- 
throgenic foci were also encountered in metastatic 
tumor nodules in the livers. Many liver cells ap- 
peared profoundly injured. The nuclei of some 
cells were pyknotic ; the cytoplasm of many others 
was eosinophilic. The nuclei of the liver cells 
varied greatly in size, and liver cells with two 
nuclei or with one single, giant, hyperchromatic 
nucleus were not uncommon. 

The red-cell count (table +) of the hypervolemic 
mice ranged from 4.5 to 9.6 millions (normal 9 to 
12.7 millions). The results of chemical analyses 
of blood constituents will be reported later. In 
general, the values were similar to those obtained 


in mice bearing transplantable granulosa-cell tu- 
mors originally induced with X-rays. There was 
a marked rise in blood urea at the terminal stage, 
but a bleod-volume rise was found even in the 
absence of a significant rise in urea. 

The plasma-protein level was either normal or 
slightly below normal, due to a fall in globulins. 
The albumin level was normal in most cases. 

The theory of induction of ovarian growths here 
described is based on the findings of Zondek (2), 
confirmed by Golden and Severinghaus (7%) and 
others, that estrogens are inactivated by the liver; 
consequently grafts of ovaries made into the spleen 
result in the lowering of the estrogen level in the 
blood and in a secondary sustained rise in the 
level of pituitary gonadotropins. While this 
theory might be correct, proof is lacking thus far 
that ovarian transplants into spleens of gonadec- 
tomized mice would not give rise to ovarian 
growths. 

It is known that following castration the hypo- 
physis discharges an excessive quantity of gonad- 
otropins (2, 4). Evans and Simpson (2/7) and 
Lauson, Golden, and Sevringhaus (2/) assayed the 
pituitary of castrated animals and found a marked 
increase in pituitary gonadotropic potency follow- 
ing ovariectomy; in the experiments of the last- 
named investigators, the potency of the gland 
gradually increased from 3.7 to 52.7 arbitrary 
uterine units 5 to 60 days following gonadectomy. 

In castrate mice, cells of the adrenal cortex un- 
dergo a functional metaplasia giving rise to sex- 
hormone-secreting cells (8-72). It is puzzling, 
however, why these adrenal cells should go on 
proliferating and give rise to benign and occasion- 
ally malignant neoplasms (/2). The theory just 
outlined would call for a restraint of the pituitary 
by the sex hormones these cells secrete. Thus it is 
conceivable that there are local forces restraining 
proliferation of sex-hormone-secreting cells in the 
ovary not effective against similar cells at other 
sites. 


ae 
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TABLE 4.—Blood volumes of mice 
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bearing tumors of strains Bl and B2 


SUBCUTANEOUS TUMORS OF STRAIN BI 





Mouse No. Sex 





INTRASPLENIC T 


2318 _. M 
2236 - . M 
2232... M 
Normals (11 mice 

Average 


Blood volume 


Tumor —_—__—_—_-—_————_ ee Hematocrit Congestion 
seed Cubic cen-| Percent millions values of liver ? 
timeters (bodyweight 

++ 5.3 18.9 9. 63 42.0 | + (gross). 
+++ 4.7 17.4 5.81 29.0 > + 

++++ 3.9 7.3 ° 5.30 19.4 | + (gross). 
++ 3.2 11.8 11.00 ..-----| 0 (gross). 
++++ 6.2 23.0 5. 66 Seialtutae ++ (gross). 
++++ 4.1 15.6 4.38 18.8 | + 

t+++t+ 3 4.88 318.8 30.0 +++ 
++++ 35.83 318.3 " 19.3 | +++ 
UMORS OF STRAIN B2 

+++ 2. 38 14. 25 ; + 

+++ 3.93 16.3 22.6 | + 

++ 2.3 15.3 ‘ " : + 

a 2. 2-4. 2 9. 0-12. 7 9. 0-12. 7 41. 8-59. 3 

3.2 10.7 10.2 51.9 





Symbols for size of tumors: +, 1-9 mm.; ++, 10-19 mm.; +++, 20-29 mm.; +++-4, over 30 mm. in the two greatest diameters. 
2 The degree of congestion in liver was estimated by microscopic examination, unless otherwise indicated. 


} Obtained by exsanguination-perfusions. Normal values for blood volumes of 12 mice by this technique were 1.3-2.1 ec. (1.5 ec.) and 3.5 


percent). 


According to the theory outlined in the first 
paragraph of this discussion, the critical period 
for the survival of an ovarian graft is that required 
for the adrenals to take over the sex-hormone- 
producing function of the ovaries. Most gonadec- 
tomized mice that failed to develop splenic 
growths contained nodules in the adrenal cortex 
which, as Woolley, Fekete, and Little (8-16) 
showed, secrete sex hormones. These investigators 
gonadectomized mice at a few days of age; our 
mice were gonadectomized at 6 to 10 weeks of age, 
and the compensatory hyperplasia of the adrenal 
in our mice Was not as extensive but was of the 
same character as that described by Woolley, 
Little, and Fekete. 

It is possible that after the development of such 
compensatory hyperplasia, the mice would be re- 
sistant to intrasplenic implants of ovarian frag- 
ments, but this has not been tested. In fact, 
nodules of hyperplasia in the adrenals were also 
present in several mice in which the ovarian grafts 
in the spleens produced tumorlike nodules. No- 
dules of hyperplasia of the adrenal cortex are 
known to be common in old mice® (22) ; their size 
and number are, however, greater after gonad- 
ectomy. <A closer relation of these changes in 
the adrenal to the development of ovarian tumors 
remains to be investigated. 

The origin of neoplasms in rapidly proliferating 
normal granulosa cells recalls the sarcomatous 
transformation of normal fibroblasts in tissue cul- 
tures (23, 24), and the origin of neoplasms in 
hyperplastic nodules of endocrine glands, e. g., of 
the thyroid, or in target organs of endocrine 
glands, e. g., the breast. 


’ Furth, J.. and Sebel, H.: Unpublished data. 


6.6 percent (5.3 


The observations here described might enable 
further studies on the relation between hyper- 
plasia, conditioned neoplasms, and cancer, and on 
the possible origin of cancers from normal cells 
in abnormal environment. 


SUMMARY 


Growths of granulosa cells were produced in 29 
(67 percent of 43 mice) by grafting fragments of 
normal ovaries into the spleens of gonadectomized 
mice, as described by Biskind and Biskind. 

After intrasplenic subpassages into gonadecto- 
mized mice, the splenic growth in one of these 
mice became transformed into a neoplasm readily 
transplantable into the subcutaneous tissue of nor- 
mal mice and occasionally metastasizing to the 
lung (strain B1). 

A second transplantable strain (B2) was de- 
rived from another mouse that had a splenic 
growth of granulosa cells with secondary nodules 
in the liver. This growth proved readily trans- 
plantable in the spleen, from which it frequently 
metastasized to the liver but not in the sub- 
cutaneous tissue. 

The secondary changes in mice bearing these 
two transplantable tumors indicated the discharge 
of estrogens by the tumor cells. The blood volume 
of mice bearing subcutaneous tumors of these 
strains was elevated, and their livers showed 
cavernous congestion characteristic of hyper- 
volemia. 

These experiments illustrate how hyperplasia of 
normal cells can lead to neoplasia and enable an 
analysis of the factors bringing about this trans- 
formation. 
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PHOTOMETRIC 


ESTIMATION OF N-ACETYL-2 


2-AMINOFLUORENE! 


By Benron B. WeEsTFALL, and HAroLp P. Morris, National Cancer Institute, National Institute of Health, United States 
Public Health Service 


INTRODUCTION 


N-Acetyl-2-aminofluorene, I, is being increas- 
ingly used as an agent for tumor induction (7-2). 
It is of more than usual interest because in the 
rat it not only induces tumors remote from the site 
of application but also gives rise to a variety of 
histologic types and to tumors of many different 
tissues. These characteristics of the carcinogen 
offer some hope that the compound may be a useful 
tool for the study of some of the fundamental fac- 
tors involved in carcinogenesis. 

The work reported herein was undertaken in re- 
sponse to the need for a method suited to the esti- 
mation of the compound in biologic material as a 
necessary step toward ascertaining its mode of 
absorption, distribution, metabolism, and excre- 
tion. The method is based on the hydrolytic cleav- 
age with strong acid to give the corresponding 
aminofluorene, I1, and to couple this through the 
cliazonium compound with R salt to give the red 
dye, III, used for the quantitative estimation. 


(See chart 1.) 
A CH2 
Se NH 
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A brief outline of a similar method using an 


ordinary visual calmnianies has already been re- 
ported (73). The adaptation to the photoelectric 
colorimeter presented herein represents a consid- 
erable refinement in that smaller quantities cam be 
detected, the method is more precise, and those 
biologic constituents normally present in the hy- 
drolyzate that influence the results can be better 
taken into account. 


MATERIALS AND METHODS 


The Evelyn photoelectric colorimeter (14, 15) 
was used in working out the method, but any ap- 
propriate type equipped with suitable filters could 


' Received for publication April 15, 1947. 
7532300—47 3 


be used. Chemicals were of reagent grade. Ace- 
tone, 92 percent by volume, was prepared by dilut- 
ing the absolute material with water. Sodium ni- 
trite, 0.03M in water, was prepared the day it was 
used. After one recrystallization, the R salt, so- 
dium 2-naphthol-3,6-disulfonate, was satisfactory. 
The 0.03M solution of this salt in 5M aqueous am- 
monium hydroxide was used within 2 hours after 
preparation. For the first calibration curve used 
to test the adequacy of the hydrolytic procedure, 
2-aminofluorene,? 120 micrograms per milliliter 
glacial acetic acid was used. It was prepared daily 
when needed. 

N-Acetyl-2-aminofluorene,’ 148 micrograms per 
milliliter in glacial acetic acid, was used as a stand- 
ard reference substance. After hydrolysis, this 
was equivalent to the 2-aminofluorene solution and 
was more stable when kept at 5° C.; but the thaw- 
ing necessary before use slowly raised the blank 
value, consequently a separate preparation was 
made each time it was needed. 


EXPERIMENTAL PROCEDURE 


Spectrophotometric examination * of the red dye 
in solution under the conditions used for the esti- 
mation gave a maximum in the absorption curve 
around 525 my, as shown in figure 1. The tilter 
520M supplied with the Evelyn colorimeter was 
accordingly selected, since its range of usefulness 
included the maximum. 

Preliminary tests showed that hydrochloric acid 
was best suited to the removal of the acetyl group. 
The time required for completion of the hydrolysis 
is shown in figure 2. At 20 minutes, it was very 
nearly complete, and the galvanometer reading 
did not increase after 40 minutes. However, for 
convenience, 1 hour was routinely used, partly be- 
cause it was feared that in certain biologic ma- 
terial, such as urine, a portion of the acid might be 
neutralized by naturally occurring substances, 
thus reducing the effective strength. The effect 
of different hydrogen-ion concentrations on the 
hydrolysis rate is shown in figure 3, where the per- 
cent of the material converted to aminofluorene 
is plotted against time at various acid concentra- 
tions. The bottom curve in figure 3 is for acetic 
acid as the catalyst; there is only a barely detect- 
able effect from the concentration of this acid used 
as the solvent for the compound under study, In- 
creasing the concentration of hydrochloric acid 
over that considered optimum (1 ‘O8N) led to tur- 


— 


23 These two compounds were part of pure preparations made 
in considerable quantity for an extensive experimental program 
by Dr. James M. Johnson, of this Institute. 

‘These curves were prepared by Dr. H. L. Andrews and Mrs. 
D. C. Peterson, of the Industrial Hygiene Division, National 
Institute of Health. 
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bidity in the final solution, probably owing to for- 
mation of colloidal particles of ammonium chloride 
after the addition of the acetone. 

It was found best to use an empirical calibration 
curve, such as shown in figure 4, rather than to 
try to use an equation relating percentage ab- 
sorption and concentration over the useful range. 
0 to 60 micrograms. Perhaps there is formation 
of colloidal material from the large, relatively in- 
soluble dye molecules as the concentration rises. 
With the findings from the preceding four graphs 
as a background, the following procedure was 
adopted and has been used extensively with tissues : 


yr vw rewtetf. © er 
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Figure 1.—Spectral absorption curve for 2-fluorenyl-azo-l- 
naphthol-3,6-disulfonie acid, sodium salt (IIIT), in 5M 
NH,OH-3.6M (CH;). CO solution. Curve A is equivalent 
to 60 micrograms 2-aminofluorene in 18.75 ml, curve B 
to 30 micrograms. 


One part of the test substance (blood, urine, or 
comminuted tissue) and ten parts of acetone® were 
mixed and allowed to stand in a stoppered flask 
for 1 hour with frequent mixing by swirling. The 
extract was then filtered through a retentive paper 
such as Whatman No. 5, and the residue washed 
three times with one-third the volume of 92 per- 
cent acetone, which is roughly equivalent in ace- 
tone concentration to that resulting from the ex- 


* In certain instances where salts such as those in a moderately 
concentrated phosphate buffer were present in considerable 
amount with tissue extracts, difficulty was encountered with this 
concentration of} acetone. The salts precipitated by the acetone 
apparently adsotbed some of the acetylaminofluorene. 
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TIME IN MINUTES 
Figure 2.—Time course of hydrolysis of N-acety]-2-amino- 
fluorene. The solution contained initially 0.25 ml. con- 
centrated HCl, 0.25 ml. HAe., 0.25 ml. HAc. solution of 
the acetyl compound, 2nd 2 ml. water. 
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Ficure 3.—Rate of hydrolysis of acetyl-aminofluorene by 


various concentrations of acid. Data are plotted to 
show percent hydrolysis in 6 minutes, the time interval 
for 50-percent conversion, when 1.08 N HCl was used. 
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traction of the tissue with absolute acetone. The 
combined filtrate and washings were allowed to 
evaporate to dryness without heating, under a 
hood. The vessel was chilled in ice water and the 
residue taken up in a measured quantity of acetic 
acid. The amount was varied in proportion to the 
amount of tissue from which the extract was pre- 
pared and in accordance with the expected con- 
centration of acetyl-aminofluorene in the tissue. 
Results were most consistent when the acid added 
was such that no more than 60 micrograms of the 
carcinogen was present in 0.5 ml. To each 0.5 ml. 
acetic acid solution, 0.25 ml. concentrated hydro- 
chloric acid and 2 ml. distilled water were added. 
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Picvre 4.—Typical calibration curve for acetyl-amino- 
fluorene in terms of the galvanometer deflections. 


After thorough mixing and chilling to aid in 
coagulation of the fat.® the solution was filtered 
through a hard paper either by suction or centrif- 
ugation. Of this filtrate, 2.75 ml. was placed in 
a test tube fitted with a ground-glass stopper, and 
the tube was immersed in boiling water. After 3 
minutes, the tube was stoppered and the heating 
continued 1 hour. The solution was chilled in ice 
Water, 1 ml. of sodium nitrite was added, and the 
mixture poured into 10 ml. of the ammoniacal R 
salt solution. Thorough mixing was effected by 





*Since the acetone is an excellent fat solvent, certain tissue 
extracts such as perirenal “fat were occasionally troublesome 
because fats and oils are moderately good solvents for acetyl- 
aminofluorene. 


passing from vessel to vessel, 5 ml. acetone was 
added, the mixing was repeated, the mixture trans- 
ferred to the absorption cell, and the galvanometer 
deflection was recorded using the 520M filter. The 
zero setting was obtained from a reagent blank by 
substituting 0.5 ml. acetie acid for the acetic acid 
solution of the tissue extract. However, all nor- 
mal tissue extracts examined contained a small 
quantity of interfering substances that diazotized 
and coupled with the R salt to give a control tissue 
blank somewhat greater than the plain reagent 
blank. Usually this was roughly equivalent to 1 
to 2 micrograms of the acetyl-aminofluorene, but 
for liver and concentrated urine it was as high as 
5 micrograms. Consequently, a blank based on an 
extract of homologous normal tissue from un- 
treated animals was found to be most advan- 
tageous.’ In applying the method, no indication 
has been found of any unconjugated aminofluorene 
in tissues when the animal had been fed acetyl- 
aminofluorene. 

Table 1 illustrates the sort of results that may 
be obtained in aqueous solution only, while table 2 
gives similar results for acetyl-aminofluorene 
added to liver brei. Table 3 summarizes some data 
obtained by applying the method to normal rat’s 
tissues and to pooled material from two fasted rats 
given 37.5 mg. acetyl-aminofluorene in 6 ml. coco- 
nut oil. The normal fasted rat was given, on a 
weight basis, a similar dose of plain coconut oil. 
All animals were killed 270 minutes later, and 
tissues were taken for analysis. The total amount 
of the acetyl-aminofluorene accounted for was 
12.300 micrograms, or 32 percent of the 37,500 
micrograms given.” This was in general agree- 
ment with extensive unpublished data indicating 
that the body disposed of a portion in some fashion 
such that it no longer responded to this test. 
There was generally better agreement between 
replicate estimations (table 3) than between 
known added and recovered amounts (table 2). 
This agreement is ascribed to the fact that the 
replicate estimations represent aliquot sampling 
of one extract. Evidently the most troublesome 
source of error lies in the preparation of the ex- 
tract. The absolute error was moderately constant 
over the range 60 micrograms to 1, consequently 
the percentage error was large below 10 micro- 


grams. 


7 Of the normal trace compounds in hydrolyzates of tissue ex 
tracts, p-eminobenzoic acid is known to yield a red dye with an 
absorption band sufficiently close to that of this fluorenyl com 
pound to give interference, but the quantity present is such as 
to produce only the amount of interference mentioned, and this 
can be largely circumvented by the procedure recommended. 

S There was some purgative effect from this amount of oil in 
the relatively empty gastrointestinal tract. This comparatively 
rapid movement of materials is thought to account for the amount 
in the feces. Unpublished data on other animals gave little 
evidence for fecal excretion as a pathway of elimination. 
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TABLE 1 Estimation of acetyl-aminofluorene in aqueous TaBL_e 2.—Recorery of acetyl-aminofluorene added to liver 
solution homogenate 
Acetyl-aminofluorene Acetyl-aminofluorene 
Ga nometer reading - Galvanometer reading 

Added Found Ditference Added Found Difference 

Vficrograms \licrograms Micrograms Vlicrograms Micrograms Micrograms 

1s 58 Mi 2 134 53 419 —4 
“) 53 52 =| 134 5 49 —| 
13s Mw MO) +0 120 47 41 —t) 
122 43 43 +0) 115 39 3Y +t 
aw 0 $1 l 114 3th 38 +2 
ald 23 22 1 108 30 35 +5 
rif] w» i +0 US Pall 30 +4 

4 It 1: l su 20 25 ~ 
{s 1 10 +) 61 16 1s +2 
27 5 5.5 +.5 1) 10 1] +1 
In $ $ +) ts 5 Ss +3 
° 1 1.5 +. 5 14 2.4 3 +6 





TasLte 3 “Apparent” acetul-aminofluorene content of normal control and experimental rat's tissues and excreta before 
and after hydrolysis of the extracts 





Concentra- 


. tion as acety]- 
Normal control Experimental aminofiuo- 
Necropsy or excreta sample (in grams or millileters rene Recovery 
Before After Before After Per 100 gm. 


Micrograms Micrograms Micrograms  Micrograms Micrograms Micrograms 
5 » 





. . { 1.0 1.5 1.0 12 2.100 | . 

Kidney, 0.5 gm \ 1.0 1.5 1.0 12 2.100 f ” 

I $ oe { 1.0 4.0 1.0 Is 1,900 | 230 

iver, 0.10 gM \ 1.0 4.0 1.0 1s 1,900 | - 

5.0 0.0 6.0 2 

Urine, 1 hour output 5 . s 0 7 - 140 
j 5.0 5.0 5.5 34 2,800 } 

Feces, 0.1 gm i 5.0 5.5 5.5 35 2,900 | 110 
1.0 1.0 1.0 91 1,800 | 

Oil from stomach, 0.1 ml 10 10 1.0 9g? 1800 f 6, 900 

( 39 380 on 

Oil from small intestine, 0.01 ml 1 . ; a 40 390 770 

( 0 2 2 I 

Oil from large intestine, 0.01 ml : . : 0 20 ri 190 149 

Aqueous portion, stomach extract, 20 percent of total 3 v4 ; 5 3 ~ a 5a) 

Aqueous portion, small intestine extract, 20 percent of total for 1 rat 3 5 : : - > 3° 330 

SUMMARY 6-disulfonate, a red dye was formed having a maxi- 


mum absorption at a wavelength of 525 mp. By 


The carcinogen, N-acetyl-2-aminofluorene, when using suitable filters, the formation of this red dye 


hydrolyzed with hydrochloric acid gave the free was made the basis of a quantitative method 
base. By coupling this with sodium 2-naphthol-3, adapted to the photoelectric colorimeter. 
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NOTE ON IMPROVED TECHNIQUE FOR PRODUCTION OF CAST MASSES OF HYDRA 
TISSUE OF KNOWN VOLUME! 


By Harotp W. CHALKLEY, National Cancer Institute, National Institute of Health, United States Public Health Service 


In the study of reconstitution of hydra from 
masses of minced hydra tissue, it has been found 
convenient to cast these masses into molds of 
known volume.? Recently a new technique for the 
construction of such molds has been devised and 
has proved superior to that formerly used. Since 
some interest has been evinced in these procedures, 
it appears advisable to present this improvement. 

A piece of lucite approximately one-sixteenth of 
an inch thick and of convenient length and breadth 
(the writer used pieces about 1 inch square) is pro- 
cured, and a perforation of suitable diameter is 
made with a drill near or at the center, and a steel 
ball (ball bearing) is forced into the hole a dis- 
tance equal to one-half of the diameter of the 
sphere. The writer uses a No. 49 wire drill and a 
one-sixteenth-inch-diameter steel ball, one-half of 
which has a volume of 0.99 mm.* 

With this combination as a pattern, a mold is 
made by pouring over it a layer of 5 percent agar 
made up in saline. After the agar has set, it is 
stripped from the pattern and cut to a convenient 
size. 

In making the cast of minced hydra, the agar 
mold is placed in a petri dish which is then filled 

? Received for publication May 15, 1947. 

2 CHALKLEY, H. W.: Quantitative relation between the number 
ef organized centers and tissue volume in regenerating masses of 
a sections of hydra. J. Nat. Cancer Inst. 6: 191-195 


The saline used is made up of NaCl, 0.1 gm.: KCI, 0.004 gm.*, 
Cach, 0.006 gm.; and glass-distilled water to make 1,000 ce. 


with saline to a level just below the surface of the 
agar. Hydra tissue, after mincing with an iridec- 
tomy knife, is poured into the mold level with the 
agar surface, the petri dish is covered, and the 
mass is left until fusion of the tissue is complete. 
This takes from 114 to 2 hours. Its progress can 
be followed by noting the formation of a layer 
of ectoderm over the mass. This is readily seen 
and followed by use of a binocular dissecting mi- 
croscope. After fusion, the cast mass can be easily 
removed by flooding the agar in the petri dish with 
saline and gently prying out the mass with a glas= 
needle. 

The advantages of this method over that pre- 
viously described * are: (1) Due to ready diffusion 
of saline and metabolites through the agar gel the 
cells on the entire periphery of the mass remain 
under good physiologic conditions during the en- 
tire process with consequent minimal cell loss in 
casting; and (2) no cover is needed to keep the 
mass in the mold as a film of water forms across 
the upper surface by diffusion from the wet agar. 
maintaining good condition. In the covered petri 
dish, evaporation is minimal. As described, this 
procedure gives hemispherical masses very close to 
1 mm.* in volume for quantitative experiments in 
reconstitution of hydra. 

If care is taken, a single mold may be used more 
than once. 


* See footnote 2. 
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ENZYMATIC HYDROLYSIS OF 


a-« DIGLYCYLAMINOPROPIONIC 


ACID HYDRO- 


CHLORIDE? 


ty Jose M. GoncaLtves? research fellow, and 


National Institute of Health, 
INTRODUCTION 


acid 


essell- 


The dehydropeptides of a-aminoacrylic 
(a6-dehydroalanine) may be considered 
tially as a combination of one mole of pyruvic acid 
with one mole of the corresponding acid amide 
with the elimination of the elements of water be- 
tween them (/—-4): 

RCONH, + O=C(CH,) COOH 
RCON=C(CH,)COOH+H,0 (1) 


When R contains an @ amino acyl group, as in 
glyevidehydroalanine, the dehydropeptide is sus- 
ceptible to the action of an enzyme which is wide- 
spread and highly active in all animal tissues, 
which splits the substrate into products which in- 
clude pyruvic acid and ammonia in equimolar pro- 
portions, and to which the designation of dehydro- 
peptidase I has been applied (5-72). 
RCON=C (CH, ) COOH 

RCOOH + NH, +-O0=C(CH,)COOH = (2) 


The possibility has been pointed out that the 
dehydropeptides may actually be formed in tissues 
by a condensation between a keto acids and amino 
acid amides (/3-19), and the results of experi- 
ments on the effect of pyruvate on the rate of 
desamidation of such naturally occurring amides 
as glutamine and asparagine have been interpreted 
on this basis (74-179). 

Pyruvie acid, however, can condense not only 
with one but also with two moles of amino acid 
amides, forming «-« diacylaminopropionic acid 

peptides (7-3). 
2RCONH. + O=C(CH;) COOH-(RCONH).C- 

(CH,) COOH+ H.O (3) 
The a-a diacetyl- and «-« dichloroacetyl-deriva- 
tives of this class of compounds were described by 
Bergmann and Grafe (7-3). The dichloroacetyl- 
aminopropionic acid was obtained as a small by- 
product of the synthesis of chloroac etyldehydro- 
alanine through the condensation of pyruvic acid 
with chloroacetamide. Diacetaminopropionic acid 
was formed by the condensation of an excess of 
acetamide with pyruvie acid; on heating with 
glacial acetic acid, one mole of acetamide is split 
off. and acetyldehydroalanine can be readily iso- 
lated. 

The relation between the dehydroalanyl pep- 
tides and the a-a diacylaminopropionic acid pep- 
tides makes it desirable to acquire information on 
the possible biologic role of the latter class of sub- 
stances. This study has not hitherto been made. 


Received for publication April 29, 1947. 
*On leave from the University of Brazil, Rio de Janeiro. 
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Prior to such a study, however, improved methods 
of preparing such compounds have had to be 
developed. Reproducibly high yields of a-a di- 
acetaminopropionic acid by the method of con- 
densing pyruvic acid with acetonitrile in chilled 
concentrated sulfuric acid have been reported 
(74), and this method has been successfully ex- 
tended to the synthesis of a-a dichloroacetamino- 
propionic acid: 
2CICH.CN +O=C(CH,) COOH + 2H.O-( CIC- 
H.CONH).C(CH,) COOH (4) 


a-a Diglyeylaminopropionic acid hydrochloride 
was prepared from the corresponding dichloro- 
derivative by amination with aqueous ammoiia. 


(CICH.CONH).C(CH,) COOH + 2NH,-( NH.C 
H.CONH).C(CH,;) COOH.HC! (5) 


Its characterization and susceptibility to enzy- 
matic attack forms the bulk of this report. 


EXPERIMENTAL PROCEDURE 


ENZYMATIC TECHNIQUES 

The tissues studied were freshly removed from 
decapitated rats, ground in a glass mortar with 
sand, and extracted with three times the volume 
of distilled water. After light centrifugation, the 
supernatant was used as the source of the enzyme. 
The digests were prepared by mixing 1 cc. of the 
tissue extract with 2 cc. of 0.15M borate buffer at 
the pH desired, and 1 ce. of either water or 1 ce. 
containing 25 micromoles of substrate. All data 
were corrected for the extract blanks. 

After incubation of the digests, ammonia nitro- 
gen was determined by aeration into acid traps 
with subsequent nesslerization according to the 
method previously described (7). Pyruvie acid 
was determined as follows. 

The digest (4 cc. volume) is treated with 5 ce. 
of 5 percent trichloracetic acid and the mixture 
allowed to stand in the ice chest for several hours. 
The standard pyruvate solution is simultaneously 
prepared by making up 1 mg. of sodium pyruvate 
in +cc. of Water plus? rec. of 5 percent trichloracetic 
acid. 

One cubic centimeter of the supernatant from 
the digest or of the standard solution is treated 
with 4 ce. of a 0.1-percent solution of 2:4 dinitro- 
phenylhydrazine in 2N hydrochloric acid, and the 
mixture allowed to stand for 15 minutes. 

The mixtures are then extracted three to four 
times with 4 cc. of ethyl acetate, using a stream 
of nitrogen to stir. After each extraction, the 
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upper layer is carefully removed with a pipette 
and collected in another tube. 

The combined ethyl acetate extracts are ex- 
tracted three times with 2.5 cc. of 10 percent so- 
dium carbonate, and once with 2.0 ce. A stream 
of bubbling nitrogen is again used for mixing 
purposes. The ethyl acetate extracts are dis- 
carded. 

The sodium carbonate solutions (each 9.5 ce. 
volume) are transferred to a 25-cc, cylinder fitted 
with a glass stopper and brought to 10 ec. with 
more carbonate. 

One cubic centimeter of ethyl acetate is added, 
the mixture is vigorously shaken, and the ethyl 
acetate laver removed with a pipette and dis- 
carded. 

Five cubic centimeters is transferred to a test 
tube and treated with 5 ec. of 2N NaOH. After 
30 minutes, the test and control samples are read 
against each other in a visual colorimeter. 


AMMONIA AND Pyruvic Acw Propucep ENZYMATICALLY 
FROM LHGLYCYLAMINOPROPIONIC ACID 


In order to determine whether the diacylamino- 
propionic acids are susceptible to enzymatic hy- 
drolysis and whether ammonia and pyruvic acid 
are produced thereby, diglycylaminopropionic acid 
hydrochloride, dichloroacetaminopropionie acid, 
and diacetaminopropionic acid were each — 
bated with aqueous extracts of various fresh ra 
tissues for 4 hours at pH. 8.0 and at 37° C. The lest 
two compounds were brought into aqueous solu- 
tion at 0.025M by the addition of enough 1N so- 
dium hydroxide to neutralize the free carboxyl 
group. The diglycyl peptide was readily soluble 
in water and gave a solution only faintly acid to 
litmus. At the end of the incubation period, no in- 
crease In ammonia or pyruvic acid over the values 
for the control was noted in digests of dichloroacet- 


aminopropionic acid or of diacetaminopropionic 
acid with extracts of rat kidney and liver. On the 
other hand, diglyeyl: aminopropionic acid was read- 
ily split by extracts of the rat tissues studied to 
yield both ammonia and pyruvic acid (table 1). 


TABLE 1.—Ammonia nitrogen and pyruvic acid evolred 
from digests of diglycylaminopropionic acid acith 
dialyzed aqueous rat tissue extracts’ 





Molar ratio 
ofammonia 
N to py- 
ruvic acid 


Tissue Ammonia N?) Pyruvic acid 


Micromoles Micromoles 
Kidney 3,‘ 2: 21 1.1 
Intestinal mucosa. 13 14 a 
Liver 9 ) 1.9 
Spleen_- 5 6 8 





Digests consisted of 1 cc. extract which was equivalent to 333 mg. tissue 
and which had been dialyzed against distilled water for 6 hours at 5° C. prior 
to the digestion, plus 2 cc. 0.15M borate buffer at pH 8.2, plus 1 cc. of either 
water or 1 ec. containing 25 micromoles of substrate. Incubation period was 
4 hours at 37 Final pH, 7.9-8.0. Values given were corrected for extract 
blanks. Boiled extracts are inactive. 

? Neither dichloroacetaminopropionic acid nor diacetaminopropionic acid 
is split in these tissues under the experimental] conditions. 

Neither glycine nor glycylglycine yields ammonia under these conditions. 
Fifty micromoles of dl-alanine yielded 6 micromoles of ammonia N, and fifty 
micromoles of glycy]-di-alanine yielded 6 micromoles of ammonia N. 

* Micromoles of ammonia N for pancreas, 11; for brain, 1; and for muscle, 1. 


The molar ratio of ammonia N to pyruvic acid 
for each of the tissues studied is close to unity. In 
the case of the kidney digests, the micromoles of 
pyruvic acid formed from the substrate are close 
to the theoretical value of 25. 

The biologic significance of the present findings 
is of interest. for these findings suggest that the 
ketonic bond of pyruvic acid may combine not only 
with one molecule of an amino acid amide (deliy- 
dropeptides) but also with two molecules of an 
amino acid amide (diacylaminopropicnic acid pep- 
tides), and that both types of comp und are sus- 
ceptible to enzymatic splitting, yielding among 
other products ammonia and the regenerated pyr- 
uvic acid in equivalent amounts. 
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NOTE ON THE SPLITTING OF aa DIGLYCYLAMINOPROPIONIC 
CHLORIDE IN EXTRACTS OF 


ACID HYDRO- 
RAT HEPATIC TISSUES’ 


By MARIANO DE MINGO, and JESSE P. GREENSTEIN, chicf biochemist, National Cancer Institute, National Institute of 
Health, United States Public Health Service 


a-« Diglyeylaminopropionic acid is enzymati- 
cally split in digests with aqueous extracts of a 
wide variety of normal rat tissues with the pro- 
duction of equimolar quantities of ammonia N and 
pyruvic acid, The maximum yield is one mole of 
each of the products per mole of substrate.* 

Table 1 gives data on the splitting of this sub- 
strate in aqueous extracts of three homologous rat 
tissues, namely, normal, adult, and fetal liver, and 
primary rat hepatoma induced by the feeding of 
p-dimethylaminoazobenzene. The experimental 
procedures are the same as those described.* 

The molar ratio of ammonia N to pyruvie acid 
is close to unity for all three hepatic tissues. The 
activity in the primary hepatoma is much the same 


? Received for publication April 29, 1947. 

* On leave from the National Institute of Health, Madrid, Spain. 

>GONCALVES, J. M., and GREENSTEIN, J. P.: Enzymatie hy 
drolysis of a-a diglycylaminopropionic acid hydrochloride. J. 
Nat. Cancer Inst. 8: 25-27 (1947). 








TABLE 1—Ammonia N and pyruvic acid evolved from 
digests of diglycylaminopropionie acid with fresh 
aqueous extracts of homologous rat tissues? 





Molar ratio 


Ti Ammonia Pyruyie | °fammo- 

issue N ‘acid nia N to 
pyruvic 

acid 
Micromoles| Micromoles 

Normal, adult liver ? 10.1 9.0 1.1 

Fetal liver ?____- 2.0 2.0 1.0 

Primary hepatoma ? 8.2 9.0 9 





! Digests consisted of 1 cc. extract equivalent to 333 mg. tissue, plus 2 cc. 
0.15M borate buffer at pH 8.2, plus } ec. of either water or 25 micromoles of 
substrate. Incubation period was 4 hours at 37° C. Final pH, 7.9-8.0. 
Values given corrected for extract blanks. 

? Similar digest with glycine amide yielded 2 micromoles of ammonia N. 


as in normal adult liver, but the activity in fetal 
liver is much lower than in either. The desamida- 
tion of glycine amide is the same in all three tis- 
sues. 
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RELATIVE AMOUNT OF AMMONIA EVOLVED FROM DIGESTS OF ISOMERIC PEP- 
TIDES WITH AQUEOUS TISSUE EXTRACTS? 


By Jose M. GoNcALves, research fellow, VINCENT E. Price assistant surgeon, and JESSE P. GREENSTEIN, chief bio- 
chemist, National Cancer Institute, National Institute of Health, United States Public Health Service 


INTRODUCTION 

During the incubation of glycyl-d/-alanine and 
of dl-alanylglycine with aqueous extracts of rat 
kidney, we noted that considerable ammonia ac- 
cumulated in digests of the former peptide while 
little or no ammonia appeared in digests of the 
latter peptide. Further experiments were under- 
taken to study this phenomenon, utilizing a wide 
variety of substrates under different conditions. 


IXPERIMENTAL PROCEDURE 


The rat-tissue extracts were prepared as de- 
scribed (7) and contained the equivalent of 333 
mg. fresh tissue per cubic centimeter. They were 
dialyzed for 18 hours against distilled water at 
5° C. before use. The racemic substrates were 
made up in 0.05M concentration in water. The 
optically active substrates were made up in 
0.0225M concentration. The substrate solutions 
were completely stable on standing. 

dl-Alanylglycine and dl-leucylglycine were 
Hoffman-La Roche products ; d/-leucine, d/-valine, 
and /-leucine were Merck products. d/-Alanine 
and d/-isovaline, Eastman products, were crystal- 
lized from water before use. The preparation of 
glycyl-d/-alanine, which is a modification of the 
Fischer procedure, has been described (1). Glycyl- 
dl-leucine (2), glyeyl-/-leucine (3), and glycyl- 
dl-serine (4) were prepared as described in the 
literature. All preparations yielded on analysis 
close to the theoretical values of total nitrogen. 

The digests consisted of 1 cc. of tissue extract, 
plus 2 ce. of borate buffer at 0.15M and at pH 8.1, 
and 1 cc. of either substrate solution or water 
alone. Enzymatic activity was measured by the 
amount of ammonia produced corrected for the 
extract blanks (7). d-Amino acid oxidase ac- 
tivity was established by the measurement of the 
ammonia produced in aerobic digests containing 
dl-alanine or d/-leucine; /-amino acid oxidase ac- 
tivity was established similarly by the use of 
l-leucine. The activity of both enzymes was con- 
firmed by the decrease in such ammonia produc- 
tion when the digestion was conducted under 
anaerobic conditions. The aerobic experiments 
were conducted in test tubes open to the air. The 
results so obtained were little different from those 
obtained by shaking in Warburg vessels. The 
anaerobic experiments were conducted in vacuo 
in the type of vessels described (5), the substrates 
being mixed with the tissue extract after evacua- 
tion of the air. All experiments were performed 
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in duplicate, and agreement between the determi- 
nations was generally better than 5 percent. The 
agreement between similar experiments with dif- 
ferent extracts was about +10 percent. The re- 
sults of aerobic and anaerobic experiments with 
kidney preparations are given in table 1. 


TABLE 1—Ammonia N produced from peptides and amino 
acids in aqueous rat-kidney extracts 





Ammonia N_ produced 


under 
Substrate een 
Aerobic Anaerobic 
conditions conditions 
Micromoles | Micromoles 
dl-Alanine 6 : 
Do__.. : - 310 3<1 
ae 43 
Glycyl]-dl-alanine 26 2<1 
0 ee . 310 3<l 
Do a 43 : 
dl-Alanylglycine <1 0 
Glycine ; 0 ‘ 
Glycylglycine 0 
Chloroacetyl-d/-alanine 0 
dl-Leucine __- 5 <1 
1-Leucine 1 0 
Glyeyl-di-leucine 5 <1 
Glycyl-l-leucine 1 0 
dl-Leucylglycine <1 0 
d/-Serine : 1 0 
Glycyl-dl-serine _ . 1 0 
dl-Valine “ 5 1 
dl-Isovaline x 0 0 
dl-a-Aminobutyric acid 5 
a-Aminoisobutyrie acid_. - . 0 
Glycyl]-dl-a-aminobutyric acid 5 |. 
Glycyl-a-aminoisobutyric acid____- 3 0 





1 Theoretical amount of micromoles of ammonia N produced from the 
optical active forms of the substrates=25. 

? 4 hours’ incubation. 

38 hours’ incubation. 

4 4 hours’ anaerobic followed by 4 hours’ aerobic digestion. 


The failure of chloroacetyl-d/-alanine to yield 
ammonia in contrast with the susceptibility of 
glycyl-d/-alanine, emphasizes the need for the 
presence of an a amino group on the acyl residue 
of the substrate. The failure of d/-isovaline, am- 
inoisobutyric acid, and glycylaminoisobutyric acid 
to yield ammonia in contrast with the susceptibility 
of d/-valine, d/-aminobutyric acid, and glycyl-d/- 
aminobutyric acid demonstrates the need for the 
presence of an a hydrogen atom on the substrate 
for amino acid oxidase action. 

Doubling the incubation period nearly doubles 
the amount of ammonia evolved from aerobic di- 
gests of d/-alanine and glycyl-d/-alanine (table 1). 
Under the same conditions, no appreciable amount 
of ammonia is observed in the anaerobic digests. 
After 4 hours of incubation under anaerobic con- 
ditions followed by 4 hours of aerobic digestion, 
ammonia is evolved from both substrates, but only 
to about half that yielded by an initial 4-hour in- 
cubation under aerobic conditions. 
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d/-Serine and glyeyl-d/-serine yield little am- 
monia under aerobic conditions and none at all 








12 JOURNAL OF THE NATIONAL CANCER INSTITUTE 


quired, and the fact that glyeyl-d/-alanine or 
glycyl-d/-leucine yields more ammonia than does 





under anaerobic conditions (table 1). Evidently d/-alanylglycine or d/-leucylglycine would imply, : 
serine is a relatively poor substrate for amino acid on this basis, that the affinity of the former two sub- ss 
oxidase, strates for the dipeptidase is greater than that for f 
Aerobic experiments with extracts of several rat the latter two substrates. ' 
tissues are summarized in table 2. Only in such On the other hand, the striking difference in ; 
tissues as liver and brain, where there is measur- susceptibility to hydrolysis of alanylglycine and 
able d-amino acid oxidase activity, as shown by the of leucylglycine on the one hand, and of glycyl- a 
desamination of d@/-alanine, is ammonia noted in alanine and of glycylleucine on the other, suggests = 
digests containing glycyl-d/-alanine. that the data presented in this paper are « capable ly 
a ; of another interpretation. The fact that the clas- 
Tamz 2.—Ammonia N produced from peptides and from sic substrates for dipeptidase, namely, alanylgly- S 
alanine in aqueous rat tissue extracts under aerobic os a 
priests i cine and leucylglycine, are evidently little if at all e 
hydrolyzed in the kidney extracts raises the doubt T, 
Ammonia N evolved from whether dipeptidase activity, whether of the / or i 

issu the d variety, is involved at all. The possibility 

di-Alanine | @-Alenyl- — Glyey!-dl- is therefore suggested that in such substrates as 
glycine alanine ° =e ° 2] 

glycylalanine and glycylleucine the alanine and 
a en Te the leucine moieties are metabolized while they are A 
Kidney : ’ ¢ still in peptide linkage, yielding by an oxidative T 

Brain 0 <1 a-8 dehydrogenation the corresponding dehydro- 
eo 0 i 0 peptide. which is then hydrolyzed by the powerful a 
Pancreas ° . e dehydropeptidase of the kidney to glycine, am- “ 
; monia, and the corresponding keto acid. The 
ato raretical number of micromoles of ammonia N produced from the = rate-limiting factor would be the system responsi- ‘Le 
DISCUSSION ble for the oxids itive a-8 dehy droge nation, a SVs- pe 
tem which might be identical with or related to . 
The data given permit two possible interpreta- amino acid oxidase. The fact that glycyl-d/-leu- “ 
tions, as follows: cine yields ammonia in greater amount than does wh 
It is possible that 7- and d- dipeptidase may be glycyl-/-leucine would suggest that the system act- ih 
present in rat kidney tissue, and by splitting the ing on the peptide, like that acting on the amino hy 
substrates at the peptide bond, may yield free acid, attacks the d- form more readily than the /- a 
glycine and free alanine or leucine. Ammonia is form of the substrate. The action of amino acid 4 
then oxidatively produced from the alanine or the oxidase, like that of the hypothesized system act- i 
leucine by the action of amino acid oxidase, the ing on the peptides, as illustrated by the failure fr 
d- oxidase being as usual more active than the /- to desaminate d/-isovaline, involves an a-( dehy- 7 
oxidase under these circumstances. In order to drogenation of the substrate and the subsequent . 
liberate the d- amino acid from the racemic pep- transfer of the two hydrogen atoms to molecular e 
tides, the presence of an active d- peptidase is re- oxygen. a 
, , : ‘\ tle 
CH’ CH—CH(NH,)COOH — @ yj. >C(NH.)COOH (1) of 
Valine Isovaline of 
th 
Oxidase gh 
CH,CH(NH.)COOH ——~ CH,=C(NH.)COOH @CH,C(=NH)COOH (2) we 
TI 
Spontaneous pe 
> (H.C ( =O) COOH + NH, ral 
Cyl 
2H+0.— > H.O. ox 
De 

Oxidase 

NH,CH.CON HCH (COOH) CH, ——> NH,CH,CON HC (COOH) = CH, (3) 

( 
Dehydropeptidase 
NH.CH,CON =C (COOH) CH, > NH.CH.COOH + NH, 

+CH,C(=0)COOH (. 


2H +O.—>H.O, 
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On this basis, the difference in susceptibility of 
alanylglycine and leucylglycine on the one hand, 
and of glyeylalanine and glycylleucine on the 
other, is due to the fact that the oxidase responsible 
for removing hydrogen atoms from the a and the 8 
positions of “alanine and of leucine, whether these 
amino acids are free or in peptide combination, re- 
quires the presence of a free, adjacent carboxyl 
group. The amino group of the susceptible 
moiety may, however, be bound in peptide com- 
bination, but the acyl residue of the peptide must 
carry a free amino group, since chloroacety|-d/- 
alanine yields no ammonia on incubation. The 
vlycine moieties are never attacked in the fashion 
indicated, since no a-8 dehydrogenation is pos- 
sible. 


According to this interpretation, peptides of 


alanine and of leucine at the carboxyl end of the 
peptide chain may serve under aerobic conditions 
as sources of dehydropeptides in certain tissues, 
The suggestion had previously been advanced that 
peptides of cystine could also serve in this con- 
nection, the corresponding dehydropeptides aris- 
ing after a preliminary enzymatic desulfhydration 
of the cystine peptides (6.7). The experimental 
data showed (1) that isomeric peptides of cystine, 
such as diglycyl-/-cystine and /-cystinyldiglycine, 
yield ammonia and pyruvic acid at close to the 
same rate and in equivalent amounts whether 
under aerobic or anaerobic conditions. and (2) 
that this rate of ammonia and pyruvie acid pro- 
duction for the isomeric cystine peptides is the 
same as that for free /-cystine incubated under 
identical conditions as well as for /-ceystinyldidi- 
glycine and for dichloroacetyl-/-cystine. Thus, 
free cystine and the various cystine peptides are 
apparently degraded at close to the same rates 
when incubated under similar conditions in aque- 
ous rat liver digests. Since the activity of di- 
peptidase, aminopolypeptid: ise, and carboxypep- 
tidase in liver is too low to account for the rate 
of degradation of the cystine peptides on the basis 
of a preliminary splitting of the peptide bond in 
these substrates with liberation of free cystine and 
glycine, it was concluded that the cystine moieties 
were desulfhydrated when in peptide combination. 
The desulfhydration of cystine at either end of the 
peptide chain can apparently occur at nearly equal 
rates, and molecular oxygen is not needed. When 
cystine is in the middle of the peptide chain, as in 
oxidized glutathione, no desulfhydration is noted. 
Dehydropeptides in which the dehydro residue 


is in the middle of the peptide chain, as in glycyl- 
dehydrophenylalanylglycine, are not enzymati- 
cally attac ‘ked (8). 

On the sia of this interpretation therefore, 
certain amino acids may be metabolized while 
they are yet in peptide linkage (in certain posi- 
tions within the chain, to be sure), a hypothesis 
advanced many years ago by Bergmann Schmitt, 
and Miekeley (9).. The resulting dehydropep- 
tides have not yet been isolated from any tissue, 
but the presence of powerful and widespread de- 
hydropeptidases in most tissues suggests and fa- 
vors the existence of such possible substrates. It 
is understood that the present, as well as the 
earlier experiments, on the cystine peptides as vet 
only hint at such possibilities. 

SUMMARY 

Glycyl-d/-alanine and glyeyl-d/-leucine when 
incubated with aqueous rat-kidney extracts under 
aerobic but not under anaerobic conditions yield 
the same amount of ammonia as does an equivalent 
amount of ¢/-alanine or d/-leucine under identical 
conditions. d/-Alanylglycine and dl-leucylgly- 
cine vield very little ammonia under these condi- 
tions. 

Rat-kidney extracts possess a very weak /-amino 
acid oxidase activity. Glyeyl-/-leucine incubated 
with rat-kidney extracts yields the same amount of 
ammonia as does an equivalent amount of /-leucine 
under identical conditions. 

Chloroacetyl-d/-alanine, glycine, and glyeylgly- 
cine yield no ammonia on incubation w ith aqueous 
rat- kidney extracts, 

Ammonia is produced from digests of glycl-d/- 
alanine with tissue extracts in proportion to the 
d-amino acid oxidase activity of the extracts; in 
descending order of activity are kidney, liver, and 
brain. Muscle, spleen, and pancreas digests of the 
peptide yield no ammonia, but they also possess 
no measurable d-amino acid oxidase activity. 

di-Serine and glycyl-d/-serine yield little am- 
monia in the digests under aerobic conditions and 
none at all under anaerobic conditions. 

d/-Valine yields as much ammonia as does d/- 
leucine when incubated under aerobic conditions, 


and like the latter yields no ammonia under anaero- 


bic conditions. d/-Isovaline, aminoisobutyric acid, 
and glyeylaminoisobutyric acid, with no a hydro- 
gen, yield no ammonia under either aerobic or 
anaerobic conditions. 

The possible interpretations of the data are 
discussed. 
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PRESENCE OF DEHYDROPEPTIDASES I AND II 


ACTIVITY IN PLANT MATERIALS 


By JESSE P. GREENSTEIN, chief biochemist, and FLORENCE M. LEuTHARDT, junior biochemist, National Cancer Institute, 
National Institute of Health, United States Public Health Service 


INTRODUCTION 


The dehydropeptidases which act upon peptides 
containing an a-8 double bond in one of the amino 
acid moieties are widespread and highly active in 
animal tissues. Dehydropeptidase I, the substrate 
for which is glycyldehydroalanine, has been found 
in all animal tissues studied (7). Dehydropep- 
tidase II, the substrate for which is chloroacetyl- 
dehydroalanine, possesses a more limited distribu- 
tion, being noted only in kidney and in liver (7). 

No study has so far been made as to whether the 
dehydropeptidases exist in plants, and for this rea- 
son, the present investigation has been undertaken. 


MATERIALS AND RESULTS 


Dried brewers’ yeast, fresh mushrooms, beans, 
peas, watermelon, pumpkin, and flower seeds, 
jackbean meal (Arlco), wheat, oats, and peanuts 
formed the sources of the plant materials used. 
These materials were ground up in glass mortars 
with sand and extracted with various amounts of 
(listilled water, the mixture was centrifuged, and 
the supernatants were used as the enzyme sources. 

The digests consisted of 1 ce. plant extract plus 
2 ec. 0.15M sodium borate buffer at pH 8.1, and 1 ce. 
of either water or substrate solution. Glycyldehy- 
droalanine and chloroacetyldehydroalanine were 
used in 0,025M stock solutions. Incubation tem- 
perature was 37° C. The test runs were corrected 
for the extract blanks. Enzymatic activity was 
noted by the amount of ammonia split from these 
substrates in the given time of incubation. 

A survey of a number of plant materials is given 
in table 1. 





TaBLe 1.—Splitting of dehydropeptides in aqueous ex- 
tracts of plant materials’ 
Ammonia N evolved from 
source Glycylde- f hloro- 
hydro- — 
te iy dro- 
alanine alanine 
Micromoles | Micromoles 
Yeast - 2 2 
Watermelon seeds 14 2 
Pumpkin seeds__- 16 2 
Peanuts ‘ 20 4 
Sweet pea seeds 20 5 
Nasturtium seeds ; 5 3 
Black-eyed beans 20 6 
Tender green beans 20 6 
Lima beans 20 4 
W heat seeds : 5 3 
Oats seeds___ 5 3 
Mushrooms. 20 20 
Jackbean meal (Arico) 20 7 
elephone peas 20 5 





' Digests consisted of 1 cc. extract equivalent to 300 mg. material plus 2 ec. 
borate buffer at pH 8.1, plus 1 cc. of either water alone or substrate at 0.025M 
concentration. Incubation period 4 hours at 37° C, 


All the plant materials studied possess dehydro- 
peptidase I and dehydropeptidase II activity, the 
former enzyme being generally considerably more 
active than the latter (table 1). 

The magnitude of activity of dehydropeptidase 
I was measured in extracts of yeast (figs. 1 and 2) 
and of dehydropeptidase I and dehydropeptidase 
II in extracts of mushrooms (figs. 3 and 4). 
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DILUTION OF YEAST EXTRACT (Cc.H,0 PER GRAM YEAST) 
Figure 1.—Activity-extract dilution curve of digests of 


yeast with glycyldehydroalanine. Abscissa, cubic centi- 
meters of water added per gram of material, Ordinate, 
ammonia N evolved from substrate. Digests consisted 
of 1 cc. extract, plus 2 ce. borate buffer at pH 8.1, plus 
1 cc, of either water alone or 0.025M substrate solution. 
Incubation period 4 hours at 37° C. 


Similar to earlier results (7), the maximum 
evolution of ammonia N from 25 micromoles of 
substrate is about 20 micromoles. The reason for 
this discrepancy is not apparent at the present 
time. On the basis of an activity measurement 
of milligrams of substrate x 100 per hour per mil- 
ligram total N in the extract (2), the activity of 
dehydropeptidase I in yeast as measured by the 
splitting of glycyldehydroalanine is about 80, and 
in mushrooms is about 600; the corresponding ac- 
tivity of dehydropeptidase II in mushrooms as 
measured by the splitting of chloroacetyldehydro- 
alanine is about 450. 

As in animal tissues, the dehydropeptidases lose 
their activity completely when the plant extracts 
are heated in boiling water for 10 minutes. 

DISCUSSION 

It is apparent from these data that dehydropep- 

tidases are found not only in animal but also 


in plant materials. In view of the fact that 
dehydropeptidase IT is of such limited occurrence 
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in animal tissues, being found at an apppreciable 
level only in kidney and liver and practically ab- 
sent in muscle, spleen, brain, and pancreas, the oc- 
currence of this enzyme in all plant materials 
studied (table 1) is particularly interesting. 
Dehydropeptidase I activity as measured in 
terms of milligrams x 100 of glyeyldehydroalanine 
split per hour per milligram total N in the extract 
is about 820 for normal rat kidney. the most active 
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HOURS OF INCUBATION 
Figure 2.—Effect of length of incubation period on evolu- 
tion of ammonia N from glycyldehydroalanine incu- 
bated with yeast extracts. Each cubic centimeter of 
extract contained 2.5 mg. total N. Digests consisted of 
1 ce. extract, plus 2 ce. borate buffer at pH 8.1, plus 1 
ee, of either water alone or 0.025M substrate. 


of the animal tissues (3). Dehydropeptidase II 
activity expressed in the same manner but using 
chloroacetyldehydroalanine as substrate is 53 for 
rat kidney (3). Compared with these, the de- 
hydropeptidase I value of about 600 in mushrooms 
is of about the same order of magnitude as the ac- 
tivity value for this enzyme in rat kidney, while 
the dehydropeptidase II value of about 450 in 
mushrooms is nearly 10 times higher than that for 
this enzyme in rat kidney. Dehydropeptidase I 
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DILUTION OF MUSHROOM EXTRACTS (cH,0 PER GRAM MATERIAL) 
Figure 3.—Activity-extract dilution curve of digests of 
mushrooms with glyeyldehydroalanine and chloroace- 
tyldehydroalanine. Abscissa, cubic centimeters of water 
added per gram of material. Ordinate, ammonia N 
evolved from substrate, Digests consisted of 1 ec. ex- 
tract, plus 2 ce, borate buffer at pH 8.1, plus 1 ce. of 
either water alone or ©.025M substrate solution.  In- 
cubation period 4 hours at 37° C. 
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HOURS OF INCUBATION 


Figure 4.—Effect of length of incubation period on evolu- 
tion of ammonia N from glycyldehydroalanine and 
chloroacetyldehydroalanine incubated with mushroom 
extracts. Each cubic centimetr of extract contained 0.21 
mg. total N. Digests consisted of 1 ec. extract, plus 2 ce. 
borate buffer at pH 8.1, plus 1 ce. of either water alone 
or 0.025M substrate solution. Extract used several 
hours old. 
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DEH YDROPEPTIDASES I AND II 


activity, with a value of about 80 in yeast, is rela- 
tively low as compared with that in most animal 
tissues. 

SUMMARY 


The presence of dehydropeptidase I and of de- 
hvdropeptidase II in several plant materials was 
demonstrated by incubating aqueous extracts of 
these materials with glycyldehydroalanine and 
with chloroacetyldehydroalanine. respectively, 
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and by noting the evolution of ammonia in the 
digests. The activity of these enzymes in fresh 
mushrooms is considerable. The activity of de- 
hydropeptidase I is nearly as high as the corre- 
sponding activity of rat kidney, the most active 
animal tissue, while that of dehydropeptidase II 
is nearly 10 times higher than the corresponding 
activity of rat kidney. This is the first demonstra- 
tion of the presence of these enzymes in plant 
tissues. 
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SPECTRAL AND CHEMICAL PROPERTIES OF PYRUVOYLGLYCINE®* 


By Maurice Errera,” research fellow, and Jesse P. GREENSTEIN, chief biochemist, National Cancer Institute, National 
Institute of Health, United States Public Health Service 


INTRODUCTION 


Peptides of « keto acids and « amino acids, with 
the former in the acyl position, have been prepared 
by several investigators (/—3). We have employed 
one of these, namely pyruvoylglycine, in enzy- 
matic studies recently reported (4), and in the 
course of these studies noted certain striking phys- 
ical properties associated with this peptide.® 


EXPERIMENTAL PROCEDURE AND RESULTS 


The pyruvoylglycine employed in the present 
study was prepared by the method of Bergmann 
and Grafe (1), and possessed a melting point of 
89° C.; total N found, 9.5 percent ; calculated, 9.6 
percent. Bergmann and Grafe reported a melting 
point of 90°. The pyruvic acid studied was care- 
fully distilled in vacuo at low temperature prior 
touse. A sample of purified sodium pyruvate was 
also employed. The absorption characteristics of 
these compounds and their derivatives were meas- 
ured in a Beckman spectrophotometer in cells of 
Lem. width and at 25°. 


ULTRAVIOLET ABSORPTION SPECTRA OF PYRUVOYLGLYCINE 
AND OF Pyrtvic AcID as A FUNCTION OF pH 


Aqueous solutions of pyruvoylglycine possess an 
acid reaction and yield a high characteristic ab- 
sorption in the ultraviolet with a maximum at 
2400A (fig. 1). This absorption remains constant 
over a period of many weeks. Little or no change 
appears in the characteristic absorption for several 
days when the pH of the solutions is brought to 
5, 6, 7, and 8 by addition of dilute sodium hy- 
droxide. Above pH 10, however, the absorption 
characteristics change, with gradual disappear- 
ance of the maximum (fig. 1). While no extensive 
studies have been made of the kinetics of this 
change as a function of pH, due to the technical 
difficulties inherent in working in unbuffered solu- 
tions at high pH, we have noted that the rate at 
which the 2400A maximum absorption of the pep- 
tide disappears is roughly proportional, above pH 
10, to the amount of alkali added. The final shape 
of the absorption curve of the peptide after stand- 
ing in alkaline solution resembles, between 2200A 
and 2800A, that of pyruvic acid in either acid or 
alkaline solution (4). The loss in specific absorp- 
tion of the peptide after standing in solutions of 
high pH is not, however, due to a splitting of the 





1 Received for publication June 2, 1947. 

7 On leave from the University of Brussels, Belgium. 

? Preliminary observations on this compound were made by 
Dr. C. E. Carter. 


peptide bond to yield pyruvic acid and glycine 
but, as noted later, appears to be the result of an 
internal rearrangement of the molecule. 

At longer wavelengths in the ultraviolet, py- 
ruvic acid possesses a weak absorption with a 
maximum at 3200A.which has been ascribed to 
the carbonyl group (5). We have also noted this 
finding, and figure 2 illustrates both this observa- 
tion and the fact that pyruvoylglycine also pos- 
sesses a maximum at 3400A. Between 2200A and 
3800.A, pyruvic acid possesses one maximum, at 
3200A, while pyruvoylglycine possesses two max- 
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Figure 1.—Molar extinction coefficient of pyruvoylglycine 
in acid and alkaline solution as a function of wave- 
length and of time of standing at various pH. Con- 
centration 5 x 10M. 


ima, with a strong band at 2400A, and a weaker 
band at 3300A. 

When solutions of pyruvoylglycine and of py- 
ruvie acid are brought to pH 11 by addition of 
dilute sodium hydroxide, the maxima at 3300A- 
3400A are greatly diminished, particularly that of 
pyruvoylglycine (fig. 2). The curves obtained 
with the compounds in alkaline solution were de- 
termined after 1 hour of standing at 25° C. The 
absorption curves of pyruvic acid at pH 2.5 and at 
pH 7.0 are practically identical. 
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The curves in figure 2 were plotted on semi- 
logarithm paper in order to cover the entire region 
of absorption studied. The curves at the lower and 
at the higher concentrations of the peptide are 
evidently not continuous, which that 
Beer's law is not followed in the more concentrated 
solutions. 

The reversibility of what may be termed the 
“alkali effect” illustrates an important point of 
difference between pyruvoylglycine and pyruvic 
acid. When solutions of pyruciv acid, which had 
stood for 1 hour at pH 11.5 and 25° C. and in 
which the maximum at 3200A had disappeared, 
were brought to pH 2.5 by addition of dilute hy- 
drochloric acid, this maximum reappeared, and 
the curve obtained was nearly identical with that 
given at pH 7 in figure 2. However, when solu- 
tions of pyruvoylglycine, which had stood for 1 
hour at pH 11.5 and at 25° C. and in which both 
maxima at 2400A and at 3400A had almost dis- 
uppeared, were brought to pH 2.5 by addition of 
dilute hydrochloric acid, neither maximum reap- 
peared, and the curves were nearly the same as 
those obtained at the original alkaline pH. The 
spectral characteristics as a function of pH are 
therefore reversible in the case of pyruvic acid 
and irreversible in the case of pyruvoylglycine. 


suggests 


2:4 DINITROPHENYLHYDRAZONES OF PYRUVOYLGLYCINE AND 
oF Pyrtuvic ACID 

Pyruvie acid yields the well-known 2:4 dini- 

trophenylhydrazone with a melting point of 218° 
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C. and Kjeldahl nitrogen value of 10.4 percent. 
This hydrazone is obtained equally readily from 
pyruvie acid which has stood for 1 hour in either 
acid (pH 2.5) or in alkaline solution (pH 11.5). 
The phenylhydrazone is formed in acid solution, 
and thus the prior alkalinizing of the pyruvic acid 
solutions results in no loss in its ability to form 
the hydrazone. 

The 2: 4 dinitrophenylhdrazone of pyruvoylgly- 
cine is readily obtained by adding an excess of the 
hydrazine to the acid solution of the peptide. The 
hvdrazone is more insoluble than that of pyruvic 
acid, and crystallizes almost immediately in 
clusters of long yellow needles in about SO per- 
cent vield. The melting point is 240°-242° C. 
Kjehldal nitrogen found 12.7 percent, theory 12.8 
percent. 

When solutions of pyruvoylglycine were brought 
to pH 11.5, left to stand 1 hour at 25° C., and then 
brought to pH 2.5 by addition of dilute hydro- 
chloric acid, little or no combination with 2:4 
dinitrophenylhydrazine was observed. Like the 
spectral characteristics of the respective com- 
pounds, the carbonyl group reactivity of pyruvic 
acid after alkalinization of its solution is reversi- 
ble. that of pyruvoylglycine is irreversible. 

The lack of hydrazone formation in pyruvoy!l- 
glycine solutions which have been alkalinized and 
then acidified demonstrates that whatever changes 
the peptide may have undergone it is certain that 
it was not simply split to free pyruvie acid and 
glycine. 
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Figure 3 illustrates the adsorption curves of 
the 2:4 dinitrophenylhydrazones of pyruvoylgly- 
cine and of pyruvic acid. The absorption of the 
hydrazone of the peptide is greater throughout the 
wavelength range studied than is that of pyruvic 
acid. although the general shapes of the curves are 
very similar. The hydrazone of the peptide pcs- 
sesses a broad absorption band with maximum at 
4500.A; that of pyruvic acid occurs at a somewhat 
shorter wavelength. namely at 4400A, 


TITRATION CONSTANT OF PYRUVOYLGLYCINE 


The pK of pyruvoylglycine at 25° C. was de- 
termined in the usual manner by titrating 5.0 ce. 
of an 0.02M solution with IN NaOH and by not- 
ing the pH with the glass electrode after each suc- 
cessive increment of added alkali (G). After 
applying the necessary corrections, a value of 3.5 
for the pK of the peptide was obtained. A similar 
determination of the pK of pyruvoylglycine, 
which had stood for 1 hour at pH 11.0 in the pres- 
ence of a known amount of sodium hydroxide and 
then was exactly neutralized by addition of hydro- 
chloric acid, yielded the same value, 3.5. 

The pK of pyruvie acid at 25° C. is 2.5 (7). The 
pK value of 3.3 for pyruvoylglycine is consistent 
with the known effect which lengthening the dis- 
tance between ionizing and polar substituent 
groups produces (7). Thus glycine possesses a 
pK value for the carboxyl group of 2.3, while 
that of glyevlglyeine is 3.2 (7). 


Acip HYDROLYSIS OF PYRUVOYLGLYCINE 


When 1 x 10°M solutions of pyruvic acid in 
2N HCl were boiled under the reflux for 2 hours, 
a %5-percent recovery of the acid was noted as 
measured by the 2:4 dinitrophenylhydrazone 
formed. Similar treatment of pyruvoylglycine 
vielded a nearly quantitative recovery of pyruvic 
acid as measured by the absorption characteristics 
of the 2:4 dinitrophenylhydrazone formed subse- 
quent to the hydrolysis (cf. fig. 3). In addition, 
the hydrolysis mixture yielded a strongly positive 


ninhydrin reaction, and a determination of Van 
Slyke amino nitrogen gave a nearly theoretical 
amount calculated from the glycine present. The 
unhydrolyzed peptide vields neither a ninhydrin 
reaction nor amino nitrogen in the presence of 
nitrous acid. 

However, when solutions of pyruvoylglycine 
which had stood for 2 hours at pH 11.5 were 
brought to 2N HCI and boiled for 2 hours under 
the reflux, only traces of a 2:4 dinitrophenylhy- 
drazone were obtained. The hydrolysis mixture 
yielded a negative ninhydrin reaction and only a 
trace of amino nitrogen amounting to no more 
than 5 percent of the value found in the hydrolysis 
mixture of pyruvoylglycine which had never been 
exposed to alkali. 


ISOLATION OF ALKALINIZED PYRUVOYLGLYCINE 


An amount of 200 mg. of pyruvoylglycine was 
dissolved in 20 cc. of water, and 5 ec. of IN NaOH 
was added. The solution was allowed to stand at 
25° C. for 2 hours, at the end of which time the 
characteristic absorption at 24 WA (fig. 1) had dis- 
appeared. Five cubic centimeters of IN HCl was 
added, and the solution was evaporated slowly to 
dryness in a vacuum desiccator over P.O;. A thick 
oil was left as a residue. On rubbing with abso- 
lute ethyl alcohol, sodium chloride separated, and 
the desired product passed into solution. The al- 
coholic extract was filtered from the salt and evap- 
orated to a thick syrup. On prolonged standing 
in a vacuum desiccator over PO, the syrup solidi- 
fied into a yellowish-white mass. The product 
was very hygroscopic and no melting point could 
be obtained. Careful handling of the material 
permitted a nitrogen analysis which yielded a 
value of 9.3 percent. Theory for pyruvoylglycine, 
9.6 percent. The yield of dried material amounted 
to about 150 mg. 


DISCUSSION 


There is little doubt that pyruvoylglycine is a 
true peptide of pyruvic acid with glycine. The 
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FiGure 3.—Molar extinction coefticients of 
the 2:4 dinitrophenylhydrazones of 
pyruvoylglycine and of pyruvie acid 
dissolved in IN NaOH. Concentration 
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data reported in this communication relating to 
the formation of a 2:4 dinitrophenylhydrazone 
and the susceptibility of the compound to acid 
hydrolysis yielding pyruvic acid and amino acid 
in nearly quantitative amounts demonstrate, re- 
spectively, the presence (1) of a free carbonyl 
group, and (2) of a peptide linkage. The spectro- 
photometric data showing an absorption peak at 


O . ‘CH, 
C\ CONHCH,.COOH 


When alkali is added to a solution of pyru- 
voylglycine, the absorption bands at 2400A and at 
3400A disappear, the capacity to form a hydra- 
zone is lost, and treatment with boiling acid no 
longer yields pyruvic acid or glycine. It would 
appear that as a result of the alkaline treatment of 
the peptide, the carbonyl group as such has disap- 


CH, 
OH—C 
‘CONHCH,COOH 


The peptide is regarded as being shifted to the 
enol form in solutions of high pH, with subse- 
quest ring closure to form the y-hydroxypyrroli- 
done carboxylic acid. 

The possible formation of this ring compound 
explains the following facts associated with the 
alkalinization of pyruvoylglycine: (1) The ir- 
reversible loss of the specitic absorption character- 
istics and of the capacity to form the hydrazone; 
pyrrolidone carboxylic acid yields only a general 
absorption in the far ultraviolet and possesses no 
capacity to form a hydrazone; (2) the failure to 
yield pyruvic acid and glycine after boiling with 
HCl, for if the hydroxypyrrolidone ring were 
opened by this treatment it would be expected to 
yield a y-hydroxyglutamic acid, which in turn 
would be expected to condense into a y-lactone ; 
lack of material prevented us from pursuing this 
point further, but it also suggests the reason why 
mild acidification of previously alkalinized pyru- 
voylglycine fails to restore both the specific absorp- 
tion characteristics of the original compound and 
the capacity to form a hydrazone; and finally (3), 
the possession of a pK of 3.3 relating to the pres- 
ence of an intact carboxyl group; for the pK of 
pyrrolidone carboxylic acid is also 3.3 (8), and 
thus the identical values of the pK for the unal- 
tered pyruvoylglycine and for the alkalinized de- 
rivative may be considered to be adventitious, yet 
reasonable and consistent. 

The properties of pyruvoylglycine as noted are 
unexpected and novel. Whether the reactions in- 


2OH—C 


—— 


3400A and the titration data yielding a pK of 3.3 
substantiate the formulation of the compound as 
given originally by Bergmann and Grafe (7). 

The presence of a strong peak of absorption at 
2400A in aqueous solutions of the peptide may be 
considered due to a tautomeric equilibrium be- 
tween keto and enol forms, thus: 


CH, 
CONHCH,COOH (1) 


peared and the peptide bond as such is no longer 
present. The isolated compound, however, still 
possesses the same total nitrogen as before alkalin- 
ization. From these results, the conclusion can 
be tentatively drawn that some sort of intramolec- 
ular rearrangement occurs in pyruvoylglycine as 
a result of alkaline treatment. and the following 
is suggested : 


OH—CH—CH, 


O=C CHCOOH (2) 


NH 


duced in vitro at high pH are ever realized in vivo 
under physiologic conditions remains a moot point. 
A point of interest may, however, be indicated in 
that the y-hydroxy group in the pyrrolidone ring 
given in equation 2 occurs in the same position as 
that occupied by the same group in hydroxypro- 
line, thus: 


OH—CH——CH, 
| | 
CH, CHCOOH (Hydroxyproline) 


NH 


The reversibility in the properties of pyruvic 
acid after alkaline treatment is obvious, for no 
such possibility of an irreversible intramolecular 
rearrangement can conceivably occur in this com- 
pound. 

SUMMARY 


Aqueous solutions of pyruvoylglycine at 
pH <10 possess a characteristic absorption in the 
ultraviolet with maxima at 2400A and at 3300A, 
and the peptide readily forms the 2:4 dinitro- 
phenylhydrazone. On acid hydrolysis, pyruvic 
acid and amino nitrogen are nearly quantitatively 
recovered. The peptide possesses a pK of 3.3 at 
25° C. 

Aqueous solutions of pyruvoylglycine at pH >10 
lose irreversibly the characteristic absorption in 
the ultraviolet, and the compound no longer forms 
a hydrazone. Acidification does not restore these 
properties. It possesses a pK of 3.3 and has the 
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sume total nitrogen content as the original ma- 
terial before alkalinization. On treatment with 
hot HC], neither pyruvic acid nor amino nitrogen 
is recovered in the mixture. The possibility of an 
intramolecular rearrangement leading to the for- 
mation of a y-hydroxypyrrolidone carboxylic acid 
is suggested as explaining the phenomena noted. 
The characteristic absorption at 3200A of py- 
ruvic acid disappears at pH>10, but is restored 


when solutions of this compound are acidified, and 
the capacity to form the hydrazone is unaffected. 
The alkalinization of pyruvic acid is reversible, 
that of pyruvoylglycine is irreversible. 

Absorption measurements of the 2:4 dinitro- 
phenylhydrazones of pyruvic acid and of pyru- 
voylglycine reveal curves of generally similar 
shape, the peak of the former occurring at 4400A 
and that of the latter ‘at 4600A. 
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